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Executive Summary 

Understanding and demonstrating impact is central to the I-CISK projecǘΩǎ Ƴƛǎǎƛƻƴ ǘƻ ƛƳǇǊƻǾŜ ŎƭƛƳŀǘŜ ǎŜǊǾƛŎŜǎ 

through the integration of local and scientific knowledge. This deliverable presents the approach, process, and 

progress made in developing a robust framework for monitoring and evaluating impact across the project, 

with a particular focus on the Theory of Change (ToC) methodology. 

I-CISK operates through seven Living Labs (LL) in Europe and beyond, co-creating actionable, user-driven 

climate services to support local communities and sectors in adapting to climate change. An overarching ToC 

was first developed to provide strategic coherence across work packages, followed by LL-specific ToC 

frameworks that contextualise the change pathways in each location. These frameworks map the progression 

from project inputs and activities to outputs, outcomes, and long-term impacts, while making explicit the 

assumptions and external factors influencing success. 

The development of LL-specific ToCs was carried out through participatory workshops, internal collaboration, 

and iterative refinement. The process ultimately fostered ownership, increased usability, and enhanced the 

relevance of ToCs as tools for both planning and adaptive management. The ToCs serve not only to articulate 

the intended impacts of co-created climate services but also to guide critical reflection and inform mid-course 

adjustments. 

To support systematic monitoring, a set of Key Performance Indicators (KPIs) were designed and aligned with 

the ToC components. These KPIs were regularly assessed using a traffic-light system to track progress and 

identify implementation challenges. Complementing the KPIs monitoring, impact stories were collected to 

capture emerging changes in behaviour, decision-making, institutional practices, and resilience of multiple 

actors to the climatic hazards (e.g., droughts, floods, and heatwaves). 

While validation of assumptions linked to short-term outputs has shown promising results in several LLs, the 

evaluation of longer-term outcomes and systemic impacts remains an ongoing activity. Continued monitoring 

and stakeholder engagement will be essential for drawing more definitive conclusions on the sustained value 

of I-/L{YΩǎ ŎƭƛƳŀǘŜ ǎŜǊǾƛŎŜǎΦ 

This deliverable outlines the methodology used, presents the overarching and LL-specific ToCs, provides an 

update on KPI performance and qualitative impact evidence, and reflects on lessons learned to date. The 

report underscores the role of ToC as a critical asset in ensuring that I-CISK remains impact-focused, user-

centred, and adaptive throughout its implementation. The novel approaches and insights documented in this 

report could be very helpful to co-design, implement, and learn from the embedding of ToC and impact 

assessment into the course of climate services projects. 
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1 Introduction 

Measuring the impact of a project is essential for understanding how its activities contribute to meaningful 

and lasting change. This was considered especially important in the I-CISK project funded through European 

UnionΩǎ IƻǊƛȊƻƴ нлнл ǊŜǎŜŀǊŎƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ. Working across seven LLs in Europe and beyond, 

I-CISK aims to support vulnerable communities and sectors in better anticipating, preparing for, and adapting 

to climate change (I-CISK, Innovating Climate Services Through Integrating Scientific and Local Knowledge., 

2021; Masih, Van Cauwenbergh, & al., 2022). The project focuses not only on producing climate data and tools 

but also on ensuring that these services are user-driven, actionable, and tailored to the specific needs and 

contexts of end-users. Assessing impact helps determine whether these efforts translate into concrete 

benefits, for example, by contributing to enabling informed decision-making, supporting behavioural change, 

empowering citizen and decision-makers or reducing vulnerability of societies and ecosystems to climate risks. 

Driving a positive change on these impact areas, among others, is a core focus on many climate-related policies 

and strategies of the European Union (EU) (European Commission, Forging a climate-resilient Europe - the 

new EU Strategy on Adaptation to Climate Change, 2021; European Commission, European Water Resilience 

Strategy, 2025). 

Embedding a ToC within the framework of policies, plans and projects can support designing and implementing 

impact-oriented programmes. As such, the ToC and impact assessment were integrated into the design and 

implementation of the I-CISK project. The ToC provides a structured framework that maps how project inputs, 

activities and outputs are expected to lead to outcomes and longer-term impacts. It makes visible the 

assumptions underpinning these pathways and helps identify external factors that may enable or hinder 

progress (Davies & al., 2018; Katarzyna & Cees, 2021). The ToC in I-CISK has been developed in close 

connection with the LLs ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ǎǇŜŎƛŦƛŎ ŎƻƴǘŜȄǘǎΣ ǇǊƛƻǊƛǘƛŜǎΣ ŀƴŘ ŎƘŀƭƭŜƴƎŜǎ ǿƘŜǊŜ ǘƘŜ ǇǊƻƧŜŎǘΩǎ 

innovative Climate Services (CSs) were co-created and used to a varying degree. The ToC also serves as a 

foundation for learning and adaptive management as the project evolves. 

Alongside the ToC, KPIs are crucial to monitor progress systematically and assess whether activities are on 

track to achieve their intended results. These KPIs provide measurable benchmarks for outputs, outcomes, 

and, where possible, impacts. Furthermore, evidence of change can be captured through impact stories, 

highlighting how co-created CSs are used in practice and what difference these make in the lives of users and 

the sustainable use of natural resources and ecosystems.  

Together, the ToC, KPIs, and impact stories form a comprehensive framework for understanding, 

demonstrating, and communicating the added value of a project. The I-CISK project has incorporated these 

elements right from the inception. Under work package 1 (WP1), seven LLs are established in the Netherlands, 

Spain, Italy, Hungary, Greece, Georgia, and Lesotho (Masih, Van Cauwenbergh, & al., 2022). One of the core 

objectives of WP1 is to evaluate and monitor the short, medium, and long-term impacts in each of these seven 

LLs. These are central to achieving the I-CISK impact, serving as key implementation spaces. However, the 

impact of I-CISK is not limited to the LLs. Other overarching work packages and tasks, such as the co-creation 

framework and innovative visualisation practices, also have the potential to generate impact in wider contexts 

and be adopted by global organisations. This report aims to document the progress made on the task 

dedicated to developing a systematic monitoring and evaluation of the project impacts underpinned by the 

ToC approach.  
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2 Methodology 

The LL approach is central to the cƻƴŎŜǇǘ ŀƴŘ ƳŜǘƘƻŘƻƭƻƎȅ ƻŦ ǘƘŜ Lπ/L{Y ǇǊƻƧŜŎǘ ƛƴ ǊŜŀƭƛȊƛƴƎ ƛǘǎ ƻōƧŜŎǘƛǾŜǎ ŀƴŘ 

impacts. The I-CISK work has been conducted in the seven LLs in Europe and beyond (Figure 1). The LLs are 

located in diverse geographical and climatic regions facing various climate and water related hazards that 

impact multiple sectors of the economy in these regions (Table 1). Seven MǳƭǘƛπActor Platforms (MAPs) have 

ōŜŜƴ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ ǘƘŜ Lπ/L{Y [[s (one per LL), which bring together over 150 actors voluntarily contributing 

to ǘƘŜ ǇǊƻŎŜǎǎ ƻŦ ŎƻπŎǊŜŀǘƛƻƴ ƻŦ ǇǊŜπƻǇŜǊŀǘƛƻƴŀƭ CSs relevant to their needs and contexts. The MAPs are 

composed of diverse group of actors well represent policy makers, academia and research, industry and 

business community, and citizens, alongside actors representing the whole value chain of CS development 

(e.g. providers, purveyors, and end-users). The inclusion of the MAPs provides a collaborative learning and 

innovative environment to faciƭƛǘŀǘŜ ŎƻπŎǊŜŀǘƛƻƴ ŀƴŘ ŘŜƳƻƴǎǘǊŀǘƛƻƴ ƻŦ ƴŜȄǘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ /{s tailored to the 

ǳǎŜǊǎΩ ƴŜŜŘǎ ŦƻǊ ƛƳǇǊƻǾŜŘ ŘŜŎƛǎƛƻƴπƳŀƪƛƴƎ ŀǘ ŀ ŘƛŦŦŜǊŜƴǘ ǎǇŀǘƛŀƭ ŀƴŘ ǘŜƳǇƻǊŀƭ ǎŎŀƭŜǎ ŀŎǊƻǎǎ ŀ ǾŀǊƛŜǘȅ ƻŦ 

geographical, climatic, and sectoral conditions in the selected EU regions and beyond. 

 

 

Figure 1: The geographical location of I-CISK's Living Labs in Europe and Africa. 
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Table 1: Summary of selected characteristics of the I-CISK Living Labs. 
Adapted from (Moschini, Emerton, & al, 2022; Masih, Van Cauwenbergh, & al., 2022; Egan, Emerton, & al., 2025). 

Living Lab Climate information 

Köppen classification 

with mean annual 

precipitation in mm 

and temperature in oC 

(and monthly range) 

Main Hazards 

in focus under 

I-CISK 

Main sectors in 

focus under I-

CISK 

CSs currently in use CSs needs 

identified 

How the new CSs co-created under I-

CISK address the identified needs 

Rijnland 

Delta, the 

Netherlan

ds 

Marine West Coast 

(Cfb) 

P: 825 (40-90) 

T: 11 (4-18 

Drought, water 

scarcity 

 

Water 

management, 

Tourism and 

water recreation, 

Agriculture, 

 

Drought monitoring system 

(including medium-range 

forecasts), streamflow 

predictions 

Longer lead times; 

stakeholder 

engagement; user-

friendly 

visualisation 

Developed streamflow forecasts with 

sub-seasonal to seasonal outlooks; 

thresholds and historical context 

integrated; simplified interface to aid 

water management and policy 

coordination. 

Andalucía, 

Spain 

Mediterranean (Csa) 

P: 485 (2-70) 

T: 17 (9-26)  

Drought, water 

scarcity, 

heatwaves, 

wildfire 

Water 

management, 

environment 

including forestry, 

agriculture, 

livestock, tourism, 

and recreation 

reservoir management 

support, seasonal forecasts, 

climate projections, climate 

scenarios viewer, drought 

monitoring, river basin 

monitoring 

Sector-specific 

forecasts (rainfall, 

temperature); 

improved temporal 

and spatial 

resolution 

Using map-based and interactive visuali-
sations, provided (1) sub-seasonal to sea-
sonal predictions, (2) 10-year projections; 
and (3) historical P and T data; (4) agrocli-
matic indicators; and (5) improved hydro-
geological characterization. CS tailored to 
drought response with improved lead 
time, spatial resolution, and accessibility.  

Emilia-

Romagna, 

Italy 

Humid subtropical 

(Cfa) 

P: 800 (45-100) 

T: 13 (2-23) 

Drought, water 

scarcity, floods, 

and highly 

variable water 

supply 

Water 

management, 

agriculture, 

environment, 

energy 

Regional climate projections, 

agriculture water demand 

forecasts 

River discharge fore-
casts; local data inte-
gration; intuitive un-
certainty displays  

Delivered streamflow forecasts at daily 
and monthly timescales with colour-
coded thresholds; local stakeholder sites 
integrated; visual simplification of proba-
bilistic outputs.  
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Erzsébetv

áros, 

Budapest, 

Hungary  

Humid Continental 

(Dfb) 

P: 570 (30-70)  

T: 11 (-1 to 22) 

Heatwaves, 

Urban heat 

islands 

 

Tourism and 

recreation, 

Health 

 

CLMS Urban Atlas, historical 

global land surface 

temperature, meteorological 

data, air quality monitoring  

Urban heat mapping; 
health-impact fore-
casting; greening 
strategy support  

Built high-resolution thermal maps and 
vegetation overlays; enabled identifica-
tion of heat hotspots and monitoring 
greening efforts; interface tailored for 
policy and public communication.  

Crete, 

Greece 

Mediterranean (CSa)  

P: 655 (0-140) 

T: 18 (11-26) 

Drought, water 

scarcity, floods 

Tourism and 

recreation, water 

management, 

energy, 

agriculture 

 

Weather forecasts, climate 

change impact assessments 

and vulnerability analysis, 

hindcasts, short-term 

forecast service for 

reservoirs  

Tourism indicators; 
cross-sector forecast-
ing; clarity and acces-
sibility  

Created dashboard of 12 user-defined in-
dicators across water, transport infra-
structure, and tourism; scenario-based 
outputs with spatial interactivity and sim-
plified charts; users helped define layout. 
Seasonal forecasting supports operational 
decision making. Indicator values up to 
end-of-century support long-term plan-
ning.  

Alazani 

river 

basin, 

Georgia 

Humid subtropical 

(Cfa) 

P: 730 (30-106) 

T: 10 (-3 to 22) 

Flood, drought, 

water scarcity 

 

Water 

management, 

agriculture, 

environment, 

energy, tourism, 

and recreation 

 

meteorological and 

hydrological forecasts, 

extreme event warnings, 

agrometeorological 

bulletins, frost early 

warning, seasonal outlooks, 

climate projections 

Streamflow predic-
tions; early warning; 
locally adapted ser-
vices  

 

Designed river forecast portal with proba-
bilistic shading and percentile views; in-
cluded observed data and educational 
tools (e.g. serious game); user training 
and iterative feedback loop included.  

Southern 

Lowlands 

Districts, 

Lesotho 

Temperate with Alpine 

influence (Cfb) 

P: 700 (10-120) 

T: 14 (8 to 19) 

 

Drought, water 

scarcity, cold 

waves, 

hailstorms 

Disaster 

management, 

Agriculture and 

livestock, 

humanitarian 

Seasonal climate outlook, 

seasonal meteorological 

outlook, seasonal 

hydrological outlook, socio-

economic outlook, crop 

monitoring, vulnerability 

Assessment   

District-level fore-
casts; centralised 
platform; trigger-
based early warning 

Developed drought forecast tool with dis-
trict-level triggers, population impact 
overlays, and side-by-side forecast com-
parisons; aligned with Early Action Proto-
col.  
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A co-creation framework was developed under I-CISK project, which was used to guide the co-creation process 

across the seven LLs (I-CISK, A prototype framework on co-creating end-user centred climate services, 2022). 

This framework consisted of different phases, from building continuous engagement, to co-delivering pre-

operational CS innovation systems (Figure 2). This framework was applied in the LLs in a flexible, iterative, and 

context sensitive manner. The application of the co-creation approach was underpinned by a wide range of 

inputs (e.g., data, models, scientific and local knowledge) and activities (e.g., meetings, workshops, surveys), 

leading to outputs (e.g., pre-operation CSs) contributing to expected outcomes (e.g., enhanced capacity and 

awareness) and impacts (e.g., empowering of the stakeholders).  

 

 

 

Figure 2: The co-creation process and its evaluation criteria to deliver user-centred climate services. 
 

The methodology for monitoring and assessing the impacts of the I-CISK project has been developed through 

an iterative and participatory process, taƛƭƻǊŜŘ ǘƻ ǊŜŦƭŜŎǘ ǘƘŜ ƛƴƴƻǾŀǘƛǾŜ ƴŀǘǳǊŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘΩǎ ŀǇǇǊƻŀŎƘ ǘƻ Ŏƻ-

creation and impact monitoring. The methodology was designed with two primary goals in mind: first, to 

systematically monitor and evaluate the expected impacts of the project, both for each LL and at the overall 

project level; and second, to develop and refine a ToC framework that is aligned with the co-creation processes 

central to I-/L{YΩǎ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ǎǘǊŀǘŜƎȅΦ ¢Ƙƛǎ ǇǊƻŎŜǎǎ ŀƭǎƻ ŜƴǘŀƛƭŜŘ ǘƘŜ ŘŜŦƛƴƛǘƛƻƴ ƻŦ KPIs connected to the 

ToC, providing measurable milestones for impact monitoring. 

During the first part of the project (M1-18), we focused on designing an innovative, context specific, and 

systematic approach to impact assessment. After reviewing a range of existing ToC frameworks, we developed 

a novel ToC framework for I-CISK. What distinguished our approach from conventional ToC models was the 

deliberate integration of ToC elements with the phases of the co-creation process used in the I-CISK LLs (I-

CISK, A prototype framework on co-creating end-user centred climate services, 2022). This alignment created 

a conceptual bridge between the theoretical underpinnings of impact pathways and the practical, 

participatory work being conducted in the LLs. 

This framework was presented to and discussed with the consortium during the first General Assembly 

(September 2022 in Münster). Based on feedback received, we finalized a revised version of the ToC, which 

linked inputs, activities, outputs, outcomes, and impacts to the key stages of co-creation in the LLs. The aim 
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was to enable systematic impact monitoring for each LL, while also ensuring that the impacts of the I-CISK 

project at large could be understood in relation to its co-creation framework. 

While the innovative framework developed in the first period (M1ςM18) offered a robust conceptual 

foundation, we encountered two main challenges in its implementation: 

1. Complexity and abstraction: The framework, while innovative, remained relatively abstract, making 

it difficult for the LL teams to operationalize. 

2. Need for contextualization: Each LL operated in distinct contexts, necessitating tailored ToCs to 

meaningfully guide monitoring and impact reflection. 

In response to these challenges, during the second reporting period (M19-M36), we adapted and improved 

our approach. Recognizing the need for clarity and usability, we embarked on a simplification process, 

producing a new overarching I-CISK ToC diagram and narrative for the entire project, complemented by 

dedicated, customized ToC diagrams and narratives for each of the seven LLs. These LLςspecific ToCs were 

developed as contextualised extensions of the overarching ToC, rooted in the same overall logic, but adapted 

to reflect the distinct settings, stakeholders, and dynamics of each Lab. This nested structure aligns with the 

approach described by (Davies R. , 2004) who emphasises the importance of representing complexity and scale 

in large, multi-level interventions. Rather than treating each ToC as an isolated plan, the LL ToCs function as 

grounded expressions of the broader theory, enabling us to trace change both locally and system-wide in a 

coherent and adaptive way. 

The co-creation of the LL-specific ToCs and their refinement were structured as participatory and iterative 

processes: 

¶ Workshop: A cross-learning workshop with all LL teams was held to guide the development of the 

tailored ToCs. This session introduced simplified templates and participatory techniques to facilitate 

co-creation of LL-specific ToCs. 

¶ Internal LL work: Each LL team worked internally, drawing on their ongoing engagement with local 

stakeholders and their MAPs to draft their ToC narratives and diagrams. 

¶ Review and revision: Draft ToCs were reviewed by the Task 1.3 team and iteratively refined through 

feedback sessions, including individual LL meetings and regular WP1 coordination meetings. 

¶ Validation: LLs were encouraged to validate their ToCs with their respective MAPs, fostering 

ownership and enhancing relevance. Several LLs successfully completed this validation. 

¶ Finalization and communication: The finalized project-wide ToC diagram and LL-specific diagrams 

were consolidated and are being disseminated through project materials, including a flyer that was 

published on the I-CISK website. 

Another key component in our methodology was the structured alignment of KPIs with the ToC framework. 

The KPIs were selected and refined to reflect the expected impacts and objectives of the I-CISK project, 

including contributions to the Sustainable Development Goals (SDGs) and to the relevant EU/national policies, 

and impacts related to citizen engagement, knowledge co-production, resilience building, and the uptake of 

CSs. 

Baseline values for KPIs were established in the first reporting period (M1ςM18). During the second reporting 

period (M19ςM36), progress was monitored, with attention to areas needing further work. A color-coded 

system (green/yellow/red) helped to visualize KPI performance and guide action planning. Additionally, impact 

stories were collected from the LLs to provide richer context and understanding of progress made, challenges 

faced, and lessons learned. 
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3 Theory of Change frameworks for the I-CISK project 

3.1 Overarching Theory of Change 

The I-CISK ToC (Figure 3) depicts the trajectory of how the project will achieve its desired impact. It consists 

mainly of three spheres, i) sphere of control, ii) sphere of influence, and iii) sphere of interest. The sphere of 

control outlines the inputs required and activities needed to generate tangible outputs within the timeframe 

of the project. The sphere of influence depicts the outcomes of the project, which are the changes in society 

as a result of the project outputs being put into use in the short or longer term after the project has ended. 

Finally, the sphere of interest involves the overall impact of the project, these are the new conditions in society 

after the project outcomes have been achieved, and outputs are used effectively. The ToC rests upon various 

assumptions, some of which are tied to specific steps within it. Through the acknowledgement and testing of 

these assumptions, we can effectively manage risks, fine-tune strategies, and optimize the impact of the 

interventions. 

3.1.1 Co-creation process 
Within I-CISK, the sphere of control (inputs, activities, and outputs) is executed within the framework of co-

creation (Figure 2) in LL environments (I-CISK seven LLs). This framework centres the needs of the users along 

the CS value chain and occurs through iterative engagements between various stakeholders on the value chain 

to produce CS that are not only useful and usable but also used.  

3.1.2 Inputs 
The inputs required for this include stakeholders on the CS value chain in the seven LLs that will be engaged 

in the process of generating tailored CS, including their decision processes and information needs. 

Additionally, both scientific and local data and knowledge will be required, in addition to technical resources 

and tools to facilitate the development of CS.  

3.1.3 Activities 
Activities in I-CISK will be directly linked to the co-creation process and will apply a range of approaches to 

engage stakeholders, such as serious gaming, workshops, and participatory modelling to name a few. Within 

this stage, stakeholders are engaged in the co-exploration of user needs, co-identification of adaptation 

strategies, co-development of climate data and knowledge, co-design, and co-evaluation of user-centred CS, 

and finally co-delivery of a user-centred CS. 

Assumptions 

For these activities to be undertaken, we assume that the stakeholders engaged in the process have the right 

skills and capacity to carry out the process. 

3.1.4 Outputs 
A key output for I-CISK is producing preoperational CS that can be used in the seven LLs. Several other products 

such as datasets and tools will also be developed, including guidance for the development of human-centred 

CS that enhances understanding of adaptation processes and centres the sustainable use of CS.  

Assumptions 

For the outputs to be produced, we assume that the co-creation process will be inclusive and time-managed, 

and that the data necessary for the development of CS is available. 
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3.1.5 Outcomes 
Within the sphere of influence is our main outcome which is to inspire a change in society by having relevant 

society members make use of the various products curated and developed by I-CISK to not only further 

develop tailored and behaviourally informed CS, but to also enhance understanding of the adaptation options 

and capacity of users to use CS.  

Assumptions 

For the outcomes to be achieved, we assume that the CSs developed as part of I-CISK are tailored and fit for 

purpose to be understood by end users, as well as affordable. 

3.1.6 Impacts 
Within our sphere of interest is the overall impact, which is the improvement of society's resilience to the 

impacts of climate change, with users being well-informed to understand, process, and use climate 

information in decision-making.  

Assumptions 

For this to happen, we assume that the CSs produced are used, upscaled, and effective in supporting decision-

making. 
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Figure 3: Overarching Theory of Change diagram for the ICISK project. 
¢ƘŜ ŘƛŀƎǊŀƳ ǾƛǎǳŀƭƛȊŜǎ ǘƘŜ ǇǊƻƧŜŎǘΩǎ LƴǇǳǘǎΣ !Ŏtivities, Outputs, Outcomes, and Impacts. Inputs, Activities, and Outputs fall within the Sphere of Control: what the project 

team can directly manage and deliver. Outcomes and Impacts belong to the Sphere of Influence: areas where the project contributes to change, but results depend on 

external factors beyond direct control. For each activity, the selected approaches have been highlighted. Key assumptions have been identified and linked to specific steps 

in the Theory of Change; for example, Assumptions 4 and 5 must hold true for the Outcomes to be achieved after the Outputs are delivered. 
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3.2 LL-tailored Theory of Change frameworks 

Using the methodology outlined in the previous chapter, each LL developed its own tailored ToC, building on 

the overarching framework while reflecting the specificities of its local context. 

3.2.1 Rijnland Delta, The Netherlands 
The ToC diagram for the Rijnland LL is shown in Figure 4, with the corresponding narrative provided in the 

following paragraphs. 

3.2.1.1 Inputs 

The Rijnland LL concerns drought preparedness and adaptation in a water management district in the 

Netherlands. MAP members include representatives from the local water authority of Rijnland, water tourism 

sector representatives of boating clubs and members, and representatives of agricultural sector organisations 

and businesses. Their drought challenges, current hydrometeorological and drought monitoring information 

used, and user stories depicting potential drought mitigation decision processes and information needs, are 

key inputs. Next to the MAP members' inputs, local hydrometeorological data from monitoring stations, and 

seasonal hydrometeorological forecasts and climate change outlooks provided by I-CISK partners are used in 

the CS under development. 

3.2.1.2 Activities 

The activities for the co-development of the Rijnland drought CS evolve around workshops and bilateral 

meetings with the MAP members, for the co-requirements, co-design, and co-evaluation of the pilot drought 

awareness CS. In addition, sprint meetings between I-CISK project partners for iterative co-development of 

the CS are held. These interactions will continue up to the end of the project in October 2025, with two more 

rounds. One round of bilateral MAP sector group meetings to complete the co-creation process of the pilot CS 

application, and a final workshop with all MAP members to address sustaining and uptake of the CS beyond 

the project lifespan, e.g. through business models. One activity to foster up-scaling and exploitation beyond 

ǘƘŜ a!t ƳŜƳōŜǊǎΣ ƛǎ ǘƻ ǇǊŜǎŜƴǘ ŀǘ ƻƴŜ ƻŦ wƛƧƴƭŀƴŘΩǎ ŘǊƻǳƎƘǘ ŀƴŘ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀŘŀǇǘŀǘƛƻƴ ƳŜŜǘƛƴƎόǎύ. 

Assumptions 

For these activities to be undertaken, we assume that the stakeholders engaged in the process (MAP 

members) have the continued interest to invest time in meetings and workshops. 

3.2.1.3 Outputs 

The inputs and activities described above serve to result in a number of specific outputs. Most of the output 

components will together form a pre-operational Rijnland Drought forecasting and alert service with climate 

change impact information. The main components of the pilot CSs application are: 1) Seasonal streamflow 

forecast, 2) Seasonal Potential precipitation deficit forecast, 3) Weekly drought status and alert overview, and 

4) Climate change impact information for Rijnland. The other outputs include presentations tailored for 

various potential next users, ranging from experts to business to students, and business model(s) for 

continuation and uptake of the Rijnland drought CS. 

Assumptions 

Here we assume that the co-creation process will be inclusive and time-managed, and that the data necessary 

for the development of the CS are available. 
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3.2.1.4 Outcomes 

The outputs of LL Rijnland are designed to effectively contribute to the key outcomes envisaged from the 

beginning of the I-CISK project in consultation with the Rijnland water authority: 1) Increased preparedness 

for an upcoming drought event, through early awareness, to enhance operational coping by the MAP members 

in Rijnland, and 2) foster among the MAP members active awareness of, discussion on, and development of 

integrated long term drought mitigation strategies in a changing climate. For the co-developed drought CS to 

become and remain one of the vehicles in reaching these outcomes, it is an important outcome in itself that 

the service is used in MAP member decision making processes. Within the Rijnland area, the same CS can be 

scaled up to include more users and more user groups affected by droughts and the water authority's 

mitigation actions. 

Assumptions 

For this to happen, we assume that the products developed as part of I-CISK would be tailored and fit for 

purpose to be understood by end users, and also affordable. 

3.2.1.5 Impacts 

Ultimately the aim is to contribute to increased drought resilience in the Rijnland area and the Netherlands, 

in the short and the long term, through climate change adaptation by the MAP members and additional actors. 

As such, the impact is to be a reduction of damage and socio-economic adverse effects of droughts, in Rijnland 

specifically and the Netherlands as a whole. 

Assumptions 

Here, we make the assumption that the CS produced would be used, upscaled, and effective in supporting 

decision-making. 
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Figure 4: Theory of Change diagram tailored to the Rijnland Living Lab. 
Where appropriate, assumptions are linked to specific steps; other assumptions apply generally across the entire diagram. 
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3.2.2 Andalucía, Spain 
The ToC diagram for Spanish the LL is shown in Figure 5, with the corresponding narrative provided in the 

following paragraphs. 

3.2.2.1 Inputs 

The Spanish LL team of UCM and CREAF identified a first set of key actors in Los Pedroches region at the design 

stage of the project. Once kicked off, the team amplified and adjusted the citizen groups, stakeholders, and 

decision-makers invited in the LL MAP and finally was able to engage a group of people representing relevant 

organisations. Actors engaged committed to the process formally and each engaged different professional 

profiles, in accordance with the LL dynamics and requests. 

All MAP participants were asked what climate information they were currently using allowing the I-CISK team 

to identify gaps, needs, and expectations. Each of the participants shared what decision-making processes 

would benefit from improved information, thus also sharing challenges on climate change impacts. It is 

important to remark the LL was developed during a very intense drought episode and participants were highly 

interested in collaborating to improve their situation. 

The LL allowed to share knowledge on existing tools and methods for developing CSs and could a) identify 

reasons why the current CS made available by local authorities were not so much known, b) propose 

innovative approaches for newly developed services from the international scientific arena, and c) treasure 

existing workflows, processes and initiatives by the MAP. Furthermore, it was possible to speak about technical 

aspects, such as preferred digital supports (smartphones), and limitations, such as internet access in rural 

areas. 

Another important input to the setting of the LL is local knowledge, both on the climatic conditions of the past 

and present, biophysical specificities of the region (e.g. micro-climatic conditions) and the adaptation 

measures normally put in place. This allowed a solid basis for the further analysis and joint co-creation process, 

based on real experience-based knowledge and nurturing the overall, integrated initial diagnosis of the 

different aspects of vulnerability to climate change of the key sectors engaged. 

The initial context setting also engaged MAP participants working with climate and environmental datasets, 

adding on possible synergies for further scientific advances and new project ideas, already from the start of 

the I-CISK project. 

3.2.2.2 Activities 

The Spanish LL setting allowed to co-explore social, behavioural and design factors influencing the adoption 

of CSs thanks to the elaboration of a solid co-creation framework (WP 1,2). Furthermore, it allowed the 

assessment of the human-climate feedback mechanisms at different spatial-temporal scale (WP 4). Assuming 

all input was correctly gathered from the MAP, this process allowed to generate experience-based knowledge 

to trace guidelines for co-designing next generation human centred CSs. 

CS exploitation and dissemination, policy outreach, and capacity building (WP 6) activities allowed to 

strengthen capacity building on the matter, as well as reaching new target audiences to address the project 

results. 

Co-implementation of the IT innovative cloud-based I-CISK web platform (WP 1,5) allowed to visualise the 

tailored climate information including local knowledge and scientific data (WP 1,2,3) developed by the LL co-

creation process and deliver pre-operational CSs for use in the LL: Temperature and precipitation projections 
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and predictions, historical climate, hydrogeological characterization. These activities made need-based 

climate information available in a format and at a scale that is useful for end users. 

Under the assumption that improved data quality allows integration and operationalisation of next generation 

CSs, gathering new scientific data indeed enabled to produce new datasets and actionable information 

products that integrate scientific and local knowledge (e.g., groundwater information, olive tree growth 

parameters).  

The LL setting created spaces for communication with CS providers, purveyors, and end users, generating new 

relations between local actors. Furthermore, assuming no patent and other payments are further needed to 

exploit the system, a sustainability plan was developed to assure future availability of CS (WP 5), validating the 

added value to the new CS perceived by purveyors. 

3.2.2.3 Outputs 

Novel (empirical) models that provide insight on the human-climate feedback of adaptation options and 

actions were created as well as guidelines for co-designing next generation human centred CSs. The approach 

enabled new relationships to be established between key local actors within the LL and generate stronger 

community relationships. 

The education material for capacity building developed to underpin the CSs and new actionable data 

embedded in it enabled correctly using the co-production framework by CS providers and purveyors to 

develop CSs, improving the users' knowledge and understanding about the impacts of climate change and 

adaptation options, and increase the exploitation of information and data from the Copernicus programme, 

the GEOSS and other global initiatives. The assumption that capacity building was effective and relevant target 

audiences were reached was confirmed. 

Business models for sustainable operation and up-scaling of the next generation of CS enabled I-CISK data and 

tools are taken up and used by the EU CS market and beyond. 

Pre-operational CSs for use in the LL: Temperature and precipitation projections and predictions, historical 

climate, hydrogeological characterization, integrating new datasets and actionable information products that 

integrate scientific and local knowledge (e.g., groundwater information, olive tree growth parameters) proved 

interesting enough to confirm the assumption that REDIAM (CS providers) will integrate the service into its 

website, make the services available after the end of the Project and these are used to inform the decision-

making processes of LLs, also beyond the Project. 

Indeed, CS purveyors see an added value to the new CS to improve need-based climate information made 

available in a format and at a scale that is useful for end users, allowing the CS providers and purveyors, 

including SMEs and sector organisations, improve their institutional and/or market position. 

Assumptions 

The outputs rely on the assumption that all input has been correctly gathered from the MAP, that data quality 

allows integration and operational use, and that the relationships built through the LL remain solid. It is also 

assumed that no patents or payments are needed to further exploit or scale the system. 

3.2.2.4 Outcomes 

Under the assumption a better relationship between stakeholders leads to a more resilient community, new 

relationships between key local actors within the LL, stronger community relationships and the successful 
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implementation of the co-production framework used by CS providers and purveyors to develop CS, enabled 

new opportunities for collaboration.  

Enhanced users' knowledge and understanding about the impacts of climate change and adaptation options, 

uptake of I-CISK data and tools in relevant environments and the use of the pre-operational CSs to inform the 

decision-making processes allowed to empower citizens, decision-makers, and stakeholders to adapt their 

livelihoods and organisational activities to climate change both in the short and long term. 

Thanks to the increased exploitation of information and data from the Copernicus programme, the GEOSS and 

other global initiatives, the use of this data to inform the decision-making processes of LLs, and perceived 

improvements of the market position of the economic sectors participating in the MAP, the impacts of climatic 

hazards on social, economic and environmental sectors are reduced. 

Assumptions 

The outcomes rely on the assumption that capacity-building activities were effective and reached the relevant 

target audiences. It is also assumed that REDIAM will integrate the CS into its website and keep it available 

beyond the end of the project. Finally, it is assumed that the CS proves useful for both providers and users. 

3.2.2.5 Impacts 

The Andalucía LL aspires to have the following impacts by the end of the I-CISK project: 

1. The Analucia LL contributes to build cohesive and connected communities and acts as a project 

incubator, generating and taking advantage of new opportunities for collaboration. This impact is the 

result of the strong relationship built between local actors as a result of their collaboration in the LL, 

a trust that is resulting in further opportunities for collaboration, with actors participating jointly in 

proposals as well as generating new projects and seeking sources of funding to address identified 

challenges within the LL; for instance, water quality deterioration (UCM ς CICAP collaboration), and 

soil management (HE Monalisa Project). These opportunities have arisen from the co-production 

process, the capacity building activities, dissemination, and policy outreach that are part of the ICISK 

process (WP1, WP2 and WP6 activities). Indeed, the LL setting enabling the participation of the map 

of local actors allowed building a framework for co-designing CS, the co-exploration of social, 

behavioural and design factors influencing the adoption of CS and the assessment of the human-

climate feedback mechanisms at different spatial-temporal scale. The co-production framework is 

used by CS providers and purveyors to develop CS and underpins the assumption that improved 

relationships between the participants in the LL leads to more resilient communities, and that these 

novel models can actually provide insight on the human climate feedback of adaptation options and 

actors. The process delivered experience-based knowledge to guide the co-design of next generation 

human centered CSs, a valuable input for other, related projects in the area.  

 

2. Citizens, decision makers, and stakeholders are empowered to adapt their livelihoods and 

organizational activities to climate change both in the short term and long term, thereby increasing 

their climate resilience. The climate information generated is useful thanks to the co-generation of 

knowledge and understanding of the impacts of climate change and of the needs to adapt to new 

conditions. Also, the climate information is improved (is needs-based) thanks to the co-identification 

of necessary climate information to underpin critical decisions in the region (olive farming, livestock 

rearing, forestry management) in a continuous feedback process integrating scientific and local 

knowledge. To support the co-creation process new databases and information are being generated 
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that relies partially on pre-existing databases (for instance Copernicus, local meteorological stations, 

other research projects -past and present- in the region). Under the assumption that the information 

provided is used and improves the decision-making process, local societies are empowered to adapt 

to changing conditions. This process is sustained by WP1, WP2 and WP3 activities. 

3. Resilient region, communities, and farmers. The impacts of climatic hazards on social, economic, and 

environmental sectors are reduced: reduce drought vulnerability and became more drought resilient 

The CS providers and purveyors, including SMEs and sector organizations, improve their institutional 

and/or market position thanks to the innovative information produced by the CS within ICISK. The 

ICISK co-creation process facilitates enriching existing tools and provides additional value to the use 

of climate data. Assuming the complementarity of CS produced provides an integrated view on risks 

and vulnerabilities, intersectoral dialogue fostered in the LL creates spaces for communication that 

improves their understanding of cross-sectoral impacts and thus help risk management. Sustainability 

of the developed CSs will depend on the economic and legal barriers to be overcome for data 

accessibility and continuity over time. This is linked to the work being developed under WP5. 

Assumptions 

The impacts assume that stronger relationships contribute to building a more resilient community. It is also 

assumed that the complementarity of the CSs produced offers an integrated view of risks and vulnerabilities, 

and that the information provided helps improve decision-making processes. Finally, it is assumed that 

stakeholders actively use the CSs to support their decisions. 
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Figure 5: Theory of Change diagram tailored to the Spanish Living Lab. 
Where appropriate, assumptions are linked to specific steps; other assumptions apply generally across the entire diagram. 
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3.2.3 Emilia Romagna, Italy 
The ToC diagram for the Emilia Romagna LL is shown in Figure 6, with the corresponding narrative provided in 

the following paragraphs. 

3.2.3.1 Inputs 

The application of the ToC to the Castellarano LL on the Secchia River focuses on enhancing water 

management amidst climate change. The initiative involves a variety of stakeholders, including the Regional 

Environmental Protection Agency (ARPAE), Regional Authority of Emilia-Romagna,  local utilities and irrigation 

consortia, who provide the expertise, local data, and knowledge necessary for developing CSs and, in the case 

of consortia, also play a relevant role in water exploitation for agriculture. The context of this effort is shaped 

by the urgency created by climatic challenges such as the severe drought in 2022, highlighting the need for 

effective adaptation strategies to guarantee both environmental protection and a reasonable exploitation for 

agriculture and industry. 

3.2.3.2 Activities 

The project starts with the collection and integration of scientific and local knowledge, real-time gauging 

station data, and the experiences of past climatic events. This foundational data is crucial for informed 

decision-making and currently represents the main source of information to take operational decisions during 

drought. The core activities revolve around a co-creation process, where stakeholders engage in iterative 

workshops, focus groups, field trips, interviews, to develop an innovative CS. These activities aimed initially to 

identify local knowledge, and current decision processes, to be integrated with new scientific knowledge 

(forecast of incoming river discharge) and develop tailored climate information to boost new decisions. 

Through this process, a pre-operational CS is created, focusing on user-cantered design that incorporates 

social and behavioral factors. 

3.2.3.3 Outputs 

The initiative expects several outputs, including building capacity in the stakeholders to leverage on 

seasonal/sub seasonal forecasts, instead of mere monitored values, to support drought management. Such CS 

may rely on local data to improve accuracy, but leverage on upstream existing (including but not limited to) 

open forecasts from Copernicus Emergency Management Service to enhance the understanding of climate 

adaptation processes. To provide such capability for that specific backend modules and a tailored Graphical 

user interface has been developed. Additionally, the prototyped solution shall be sustainable in the market 

and a business model has been sketched to provide robust elements towards sustainable operation and future 

commercial exploitation of this type of services. 

Assumptions 

Here we assume that users are confident enough in the potential of the new CSs to engage with and adopt 

them. The CSs produced are expected to be affordable, ensuring accessibility for intended users. It is also 

assumed that the value of these services can be reasonably estimated, for example by linking them to tangible 

resource gains or improved access to financing channels that support adoption. Finally, the necessary data for 

developing the CSs is assumed to be both available and operational. 

3.2.3.4 Outcomes 

The main outcomes of this initiative are aimed at changing societal behaviour towards more proactive water 

management, moving from actual "control "based near real time routine to more collaborative (and 

anticipated) decision making about drought management. 
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By integrating pre-operational CSs into regional resilience plans and emergency protocols, the project hopes 

indeed to promote from the regional government level downstream to users a shift from reactive to 

anticipatory decision-making in drought management. This includes enhancing the capacity of users to 

interpret and apply climate forecasts in their planning processes and promoting a collaborative approach to 

water resource management that leverages both free and paid forecasting services. Furthermore, 

optimization of strategies through the use of the CS shall give the core users like consortia the capability to 

access more flexible ecological flow regulations enhancing their capability to provide water in critical periods 

while keeping protection of the environ at first place.  

Assumptions 

It is assumed that pre-operational CSǎ Ŏŀƴ ǎǳǇǇƻǊǘ άǿƘŀǘ-ƛŦέ ǎŎŜƴŀǊƛƻǎ ǘƻ ŦƻǎǘŜǊ ƳƻǊŜ ŎƻƭƭŀōƻǊŀǘƛǾŜ ŘŜŎƛǎƛƻƴ-

making. The CSs produced are expected to be used, scalable, effective, and tailored to user needs, with end 

users able to understand and apply them. It is assumed that users can see real-world benefits over time, such 

as improved water availability during droughts through better management. Political willingness is expected 

to enable regulatory changes, for example, more flexible ecological flow rules for adopters. Further 

assumptions include that users are open to moving from old habits to new tools, no competing free public 

alternatives emerge, regional authorities back the process by promoting these services as best practices, and 

that the necessary data remains available and operational. 

3.2.3.5 Impacts 

¢ƘŜ ƻǾŜǊŀǊŎƘƛƴƎ ƛƳǇŀŎǘ ǎƻǳƎƘǘ ōȅ ǘƘƛǎ ƛƴƛǘƛŀǘƛǾŜ ƛǎ ǘƻ ƛƳǇǊƻǾŜ ǎƻŎƛŜǘȅΩǎ ǊŜǎƛƭƛŜƴŎŜ ǘƻ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΦ ¢Ƙƛǎ 

involves achieving a better balance between water availability for legitimate uses and reducing environmental 

stress, enabling well-informed decision-making that integrates both historical data and predictive CSs. The 

project aims to ensure that, beside the Lab application, the developed CS is scalable, effective, and potentially 

widely usable to support sustainable water management practices in other similar contexts (e.g. other relevant 

hydraulic nodes in the Region). 

Assumptions 

Here we assume that the initiative will support a shift toward more proactive and collaborative water 

management, moving beyond control-based, near-real-time routines. By integrating pre-operational CSs into 

regional plans and emergency protocols, it is assumed this will drive a transition from reactive to anticipatory 

drought management. Users are expected to build capacity to interpret and apply climate forecasts, combining 

free and paid services. Finally, we assume that using these services will help core users, like consortia, 

accessing tangible benefits like more flexible ecological flow regulations, balancing water provision during 

critical periods with environmental protection. 
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Figure 6: Theory of Change diagram tailored to the Emilia Romagna Living Lab. 
Where appropriate, assumptions are linked to specific steps; other assumptions apply generally across the entire diagram. 
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3.2.4 Erzsébetváros, Budapest, Hungary 
The ToC diagram for the Budapest LL is shown in Figure 7, with the corresponding narrative provided in the 

following paragraphs. 

3.2.4.1 Inputs 

The Budapest LL did not start from scratch. Several committed partners worked behind the development of 

the CS, including experts (MAP members) from the local governments of Districts VI and VII who provided 

active assistance. These partners include the AirScan drone and IDEAS AI team, which creates meter-resolution 

heat maps from evening flights, as well as civil society organizations and volunteer residents who test the 

CityZcan sensor hub during street measurements. Decision-making processes particularly in need of heat 

information are organized around these actors, including the planning of green-blue adaptation measures, 

identifying hot spots, and raising public awareness. The technical backbone of the project includes developing 

high-resolution drone mosaics, CNN (Convolutional Neural Networks)-based temperature forecasting, a web-

based Geographic Information System (GIS) dashboard, CityZcan microclimate sensors, and integrating the 

data. We have also developed an open-source web GIS stack, a PyTorch environment, and cloud servers. 

Adaptation is not just theory; the city already uses a national heat alert system, mist gates, private air 

conditioners, and a street tree program. The rich data assetsτincluding orthophotos, thermal GeoTIFF 

mosaics, live CityZcan streams, and socioeconomic statisticsτprove that Budapest has the necessary "raw 

materials" to accelerate heat adaptation. The task of the LL is to develop and combine these assets into a 

coherent, population-centered CS. 

3.2.4.2 Activities 

The LL's work proceeds in circular, user-centered cycles. Each step is refined based on the previous one's 

experiences. First, we determine how affected the locals are by the issue, what knowledge they have, and 

what behavioural triggers they have through online questionnaires and interviews. 

As a result of evening drone measurements, we created centimetre-resolution land surface temperature (LST) 

mosaics and a data collection framework for CityZcan sensors. These revealed how certain street objects or 

land use increase the environmental heat load. This is accompanied by the creation of a co-design framework 

that incorporates social and behavioural psychological aspects. Residents, urban planners, and researchers 

jointly decide on analysis pilots, the service platform structure, and later, the serious game tool. 

The results are made available to the public through a policy outreach and information portal. Drone images, 

interactive maps, and decision-support graphics will be presented online so that representatives, journalists, 

and residents can view the project's outputs and progress. 

Meanwhile, Heat-insight apps (data visualization and processing scripts and downloadable CNN model) are 

being developed, and market research is exploring which business models would be best for making the 

service self-sustaining in the long term. 

The system is based on a cloud-based GIS, where orthophotos, LST mosaics, CNN forecasts, and 

OpenStreetMap (OSM) layers run on the IDEAS server. This makes heat maps accessible from mobile phones 

or from an internet browser. Drone-generated "tile" mosaics fit together to provide high-resolution 

information on these heat maps. 

Lastly, UX testing and gamification accompany all this: a cooperative board game is being developed to teach 

students and adults alike how to reduce or adapt to heat stress in their own streets and how to use CS service 

data to do so. 
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All activities follow proven live lab practices, such as rapid prototyping and incorporating real user feedback 

into the next development cycle. This approach strengthens the usability and social embeddedness of the CS 

step by step (city.zcan.eu/en/maps). 

3.2.4.3 Outputs 

The first tangible results of the LL activities are taking shape in the form of a comprehensive public engagement 

strategy. Thematic workshops, an open street exhibition, and targeted consultations ensure that service 

development ideas are shaped from the ground up. Educational and communication materials accompany the 

process. Short videos, eye-catching infographics, and animations based on drone footage make it easy to 

understand what the urban heat island effect is and how it is measured. 

Visibility and scalability are increased through a scaling and gamification package, which includes open-source 

heat image analysis scripts and a cooperative board game in which players collaborate to cool the city. 

Technically, the heart of the project is the CityZcan Sensor hub and real-time dashboard. The platform enables 

residents to measure temperature, humidity, Particulate Matter (PM) 2.5, and infrared values. The analytical 

toolkit and open data set τ LST scripts τ ensure the data is viewable, further developable, and reusable. 

These products guarantee that the CS is not only "useful and usable," but also becomes an everyday tool for 

decision-makers, professionals, and residents. 

Assumptions 

In the output phase, the assumption is that critical data flows (repeated drone measurements and CityZcan 

sensor data) will remain uninterrupted. Risk management: We are working to ensure the service can operate 

sustainably after the project ends and that the necessary updates can be implemented. 

3.2.4.4 Outcomes 

The above outputs combine to form a needs-driven CS. Through continuous co-production, we provide a 

response to the urban heat island (UHI) problem in Budapest that district actors perceive as the most urgent. 

The resulting actionable UHI knowledge enables relevant, cost-effective interventions to be implemented. 

The open code base and modular toolkit demonstrate EU-level interoperability, and any user can download 

and customize them. 

This strengthens evidence-based urban planning. Urban planners and residents can see on a map where the 

greatest cooling potential lies. This enables them to target green and blue infrastructure development 

resources more effectively and optimize the geographical focus of cool roof subsidies. 

These results are measurable in the short term and provide concrete decision support while establishing the 

knowledge and tools on which future social impacts can be built. 

3.2.4.5 Impacts 

Once the results are in, Budapest's heat resilience will be strengthened because CS will reveal hidden heat-

related problems more effectively and make them locatable. Systems based on reliable data will stimulate a 

local CS market. Sensor installation, data analysis, and urban planning companies will receive new orders, and 

the city administration will be able to purchase services through transparent competition. This economic 

ecosystem can sustain and further develop the platform even after the project ends. 

https://rodekruis.sharepoint.com/sites/510-CRAVK-510/Gedeelde%20%20documenten/%5bPRJ%5d%20H2020%20I-CISK/WP_1/D1.4/city.zcan.eu/en/maps
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Meanwhile, citizens will play a role in decision-making. Measurements taken by CityZcan sensor volunteers 

will be published e.g. on the National Meteorological Service's open portal. Locals will be able to see how their 

data directly influences heatwave alerts and cool roof subsidy maps. 

Economic savings will also be significant. Easily identifiable hotspots can optimize mitigation and adaptation 

measures. For example, they can reduce the energy consumption of air conditioners. 

Finally, the online platform and cooperative board game raise climate awareness. Students, parents, and 

entrepreneurs learn together how to reduce the heat load in their street sections. Knowledge spreads within 

the community, involving a broad social base in implementing cooling measures. 

These effects will permanently increase Budapest's ability to adapt to increasingly extreme heat waves caused 

by climate change, setting an example for other European cities on how to effectively combine science, 

technology, and community participation. 

Assumptions 

The assumption here is that the CS is effectively integrated into official decision-making processes. Risk 

management: We use communication tools to maximize the impact of the development. 
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Figure 7: Theory of Change diagram tailored to the Budapest Living Lab. 
Assumptions apply generally across the entire diagram. 
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3.2.5 Crete, Greece 
The ToC diagram for the Crete LL is shown in Figure 8, with the corresponding narrative provided in the 

following paragraphs. 

3.2.5.1 Inputs 

The inputs required for this include stakeholders on the CS value chain that are engaged in the process of 

generating tailored CS, including their decision processes and information needs. The Crete LL attempts a 

multi-sectoral approach towards the tourism sector, incorporating stakeholders from main cross-cutting 

sectors in the island of Crete: Water management sector, Transportation sector (ports and roads), 

Accommodation sector, Academia sector, Business sector (knowledge purveyors and development 

companies) and an umbrella, governmental sector (part of ministry of tourism). Additionally, both scientific 

and local data and knowledge (e.g. historical measurements and data, decision thresholds, empirical 

processes, current workflows, assessments, and impact studies etc) are required, in addition to technical 

resources and tools to facilitate the development of CS. 

3.2.5.2 Activities 

Activities in I-CISK are directly linked to the co-creation process and apply a range of approaches to engage 

stakeholders such as workshops 1-2-1 videocalls, sharing of material and hands-on product testing. Within this 

stage, stakeholders are engaged in the: (a) co-exploration of user needs, where maturity over CS availability 

and potential as well as awareness over CC threats is built, (b) co-identification of adaptation strategies and 

co-development of climate data and knowledge through discussions and the implementation of a decision-

timeline exercise, (c) co-design and co-evaluation of user-centred CS, based mainly on supported and free 

exploration of pre-operational CS and evaluation of interface as well as discussion on the collected feedback 

and its interpretation and finally (d) co-delivery of a user-centred CS, supplemented by the co-identification of 

the value proposition of the developed CS and the co-development of business story-lines to support 

preliminary potential for business development. 

3.2.5.3 Outputs 

A key output for I-CISK is producing preoperational CS that can be used in the LL. In the Crete LL, a series of 

services have been developed and are available in pre-operational phase, to support the tourism sector. These 

include in particular (a) a seasonal hydrological forecasting service for support of operational decision making 

in water management, (b) seasonal forecasts of tailored climatic indexes for tourism (accommodation sector), 

(c) seasonal forecasts of tailored climatic indexes for the transport sector (port services and road network) to 

support operational decision making, as well as (d) decadal projections of the above tailored products to 

support long-term planning and funding requests.   

Several other products such as datasets and tools are also developed. These include:  

¶ guidance for the development of human-centred CS that enhances understanding of adaptation 

processes and centres the sustainable use of CS, 

¶ capacity building of stakeholders regarding awareness of CS availability and understanding the 

potential for decision making support and the options to incorporate CS information in existing 

workflows. This capacity building is necessary for achieving a similar level of maturity of the 

stakeholders at the above thematics, in order to ensure a uniform and efficient input at the phased of 

co-designing the CS, 

¶ business storylines to identify preliminary potential for business development based on the next 

generation of CS, as well as a tiered approach ς methodology for developing these storylines. 
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¶ new CS products such surface water flows for predefined period with estimates for more than 10 

months ahead, seasonal forecasts of specific wind thresholds and directions, tailored climatic indexes 

for suitability of outdoor activities, landslide potential and others and  

¶ new IT and scientific tools to support further use and exploitation of available Climate Data and related 

products. 

Assumptions 

Here we assume that the co-creation process will be inclusive and time-managed, and that the data necessary 

for the development of CS are available. Further, we assume that the development of business models will 

reach the level that is supported from the information and the type of CS produced, and that may not be the 

same for all CS products. 

3.2.5.4 Outcomes 

Within the sphere of influence is our main outcome which is to inspire a change in society by having relevant 

society members make use of the various products curated and developed by I-CISK to not only further 

develop tailored and behaviorally informed CS, but to also enhance understanding of the adaptation options 

and capacity of users to use CS. In this respect, we anticipate to support: 

¶ an improved Water Management on the island of Crete which will ensure sufficient water availability 

for all uses during the summer, futuristic season (March- September) of peaking water demand, as 

well as under dry conditions, supporting the greater goal of water safety for the island and supporting 

achievement of the desired quality status of the water resources in the future,  

¶ a better-informed planning and decision making (operational decisions for short-term planning, 1 to 

4 months ahead) regarding port management of traffic and minimizing some of the maintenance 

costs. Additionally, an improvement of the long-term planning of protective works (10-20 years), 

¶ an improved preparedness of the maintenance of road network, with regard to landslides-related 

damages,  

¶ better informed decisions for maintenance works (during low touristic season) and outdoor activities 

(during high touristic season) planning in the tourism sector and  

¶ an increase of the scientific capacity (viability, knowledge capacity) of the business sector (referring to 

άƪƴƻǿƭŜŘƎŜ ǇǳǊǾŜȅƻǊǎέύ ŀǊƻǳƴŘ ǘƘŜ ǇǊƻǾƛǎƛƻƴ ƻŦ Řƻǿƴ-streamed CS products. 

Assumptions 

For this to happen, we assume that the products developed as part of I-CISK would be tailored and fit for 

purpose to be understood by end users, and also affordable. Further, a basic assumption is that the developed 

CS produces value for each sector involved and that the value produced is enough to support incorporation of 

the new CSs in workflows. 

3.2.5.5 Impacts 

Within the sphere of interest is the overall impact which is the improvement of society's resilience to the 

impacts of climate change, with users being well-informed to understand, process, and use climate 

information in decision-making. Further, a specific to the Crete LL anticipated impact is that the Tourism sector 

will increase its climate resilience and viability, through the increase of climate resilience of the main, cross-

cutting sectors (water, port, road network, touristic accommodation) which are empowered to adapt their 

livelihoods to climate change both in the short and long term. An additional impact is, through this process of 

CS development and new opportunities related to this development, the improvement of the institutional and 
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market position of relevant CS purveyors, including Small and Medium-sized Enterprises (SMEs) and sector 

organizations. 

Assumptions 

Here, we make the assumption that the CS produced would be used, upscaled, and effective in supporting 

decision-making. For this to happen, we further assume that the value produced is enough to support the 

incorporation of the new CSs in workflows and that stakeholders' will to change the way they work and 

incorporate new workflows, which include new CS, is strong and persistent. 
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Figure 8: Theory of Change diagram tailored to the Crete Living Lab. 
Where appropriate, assumptions are linked to specific steps; other assumptions apply generally across the entire diagram. 
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3.2.6 Alazani river basin, Georgia 
The ToC diagram for the Alazani LL is shown in Figure 9, with the corresponding narrative provided in the 

following paragraphs. 

3.2.6.1 Inputs 

Climate services, hydromet and meteorological services, in Georgia are still in their early stages of 

development. Tailored services are only available to specific sectors and stakeholders, such as government 

organisations, energy companies, etc. With that in mind, the MAP was set up to include key organisations 

(National Environment Agency, under the Ministry of Environment and Protected Areas) mandated to provide 

weather and climate information in the country. The MAP also included service providers like the irrigation 

authority (Georgian Amelioration), the Rural Development Agency, and local representatives (like Kakheti 

Regional Administration, Information Consultation Center, Kakheti Regional Development Foundation, 

Georgian Farmers Association, and local NGOs). In addition to including key stakeholders, we identified 

synergies with other ongoing projects ς for example, the Multi-Hazard Early Warning Systems project by the 

United Nations Development Programme (UNDP) ς and strategic gaps that may exist which I-CISK could 

leverage. Developing CS to support drought risk management is a key priority for Georgia in the Alazani-Iori 

basin, thereby defining the larger context within which the I-CISK project will operate. 

3.2.6.2 Activities 

Effective CS require a participatory and inclusive approach to ensure they meet the needs of diverse 

stakeholders. Within the I-CISK project, this is enabled through the implementation of a co-creation approach. 

The co-creation framework lays the foundation for CS, which is user-centred and contextually relevant. The 

framework incorporates social and behavioural factors to ensure the services are tailored to the needs and 

capacities of local communities. Another key activity in the case of the Georgian LL is outreach and capacity 

building to ensure that the project and the topic of CS are accessible to all members of the MAP. Targeted 

outreach and engagement activities foster an understanding of CS and its benefits, equipping stakeholders 

with the knowledge to integrate them into their decision-making processes. This step strengthens the demand 

for CS and enhances their perceived value. Following capacity-building sessions, the interactions with the MAP 

closely follow the steps outlined in the co-creation framework. Iteratively, the MAP members are engaged in 

ideation and co-exploration to capture the knowledge, priorities, and decision-making processes of local 

communities and relevant stakeholders. Participatory methods (focus group discussions, interviews, problem 

tree analysis, decision timelines, etc) are used to engage stakeholders and solicit their input. This allows CS 

development to be informed by the local context as much as possible and aligned with existing practices and 

challenges. Following that, stakeholders also collaborate to design and test a pre-operational CS interface and 

visualisation tools. This iterative process allows for feedback and refinements, ensuring that the services are 

user-friendly, intuitive, and meet the specific needs of different user groups. Evaluation mechanisms are 

embedded to assess the effectiveness and usability of the CS before full-scale implementation. To maximise 

impact, options for sustaining and scaling CS are continually explored. This includes identifying institutional 

support mechanisms and policy integration opportunities. In the case of the Georgian LL, sustainability 

opportunities are explored with the National Environmental Agency (NEA), the Rural Development Agency 

(RDA) and Georgian Amelioration. Planning for long-term sustainability is crucial for broader applicability; CS 

can be expanded to reach more users and continue providing valuable insights for climate-informed decision-

making. 

3.2.6.3 Outputs 

One of the key outputs of the I-CISK project is a framework of co-creation guidelines to inform the design of 

next-generation CS. These guidelines encapsulate best practices for co-designing human-centered CS. On an 
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LL level, interventions associated with capacity building led to improved awareness and understanding of CS 

and its application among end users. This enhanced knowledge helped foster confidence in integrating CS into 

policy, planning, and operational decision-making. The use of participatory methods, like decision timelines, 

enabled a deeper understanding of decision-making processes and user-specific risks and needs. Pathways for 

sustainability were explored to ensure the long-term viability and scalability of CS. In the Georgian LL, this 

meant engaging with key institutional stakeholders to understand the enabling environment for CS in Georgia 

and processes (water allocation, rural development and drought and emergency management) that the 

planned CS can support. 

Assumptions 

The realisation of these outputs hinges on certain key assumptions that were made to ensure the feasibility 

of the co-creation process and prevent stakeholder fatigue. This includes the fact that the planned capacity-

building activities are sufficient to alleviate the accessibility issues. Secondly, all data collection efforts 

successfully capture the full scale of information, and the co-creation process leads to effective mediation of 

the goals and interests of different CS users such that the pre-operational CS is viewed as legitimate by all 

members of the MAP. 

3.2.6.4 Outcomes 

Implementing the I-CISK project in the Alazani-Iori LL can lead to several key outcomes that drive meaningful 

change in how CS is conceptualised and designed, their role in decision-making and the use of climate data to 

empower citizens to cope and adapt. One of the project's key outcomes is the broader adoption of the co-

creation methodology developed by I-CISK in future CS projects by CS providers to design and implement 

effective, user-centred CS. This ensures that CS remains participatory, responsive, and aligned with local 

needs. Furthermore, the pre-operational CS developed by I-CISK are adopted by national stakeholders to 

inform their workflows and are disseminated even beyond the project's lifespan. Moreover, the developed 

drought-related CS are effectively integrated into decision-making at multiple levels, including farmer 

livelihoods and irrigation authorities within the LL. Users engaged in these processes also gain a deeper 

understanding of climate change impacts and available adaptation options. These outcomes extend beyond 

the project, raising awareness among stakeholders and fostering long-term resilience and informed 

adaptation planning. On a national level, engagement with I-CISK projects and its partners also leads to greater 

exploitation of data and information from international climate monitoring programs such as the Copernicus 

Programme and the Global Earth Observation System of Systems (GEOSS), as well as other global initiatives. 

Assumptions 

Again, achieving these outcomes depends on key conditions being met that are assumed during the project 

implementation. For instance, the broader adoption of the co-creation framework within the LL depends on 

whether the framework is culturally sensitive and endorsed by local stakeholders and if local stakeholders 

have sufficient resources to implement such a process meaningfully. Similarly, wider adoption of drought-

related CS and exploitation of climate data and information relies on whether CS developed by I-CISK is 

perceived as salient to the needs of end users and whether national entities have sufficient technical capacity 

and resources to make pre-operational services operational. Finally, the use of CS for decision-making by 

different end-user groups (within and outside the Alazani-Iori basin) depends on the scaling up of CS and the 

capacity of CS providers and purveyors to sensitise members of the local community about CS and its use. 
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3.2.6.5 Impacts 

The successful implementation and scaling of CS lead to significant long-term impacts, strengthening local and 

national capacities to adapt to drought and water scarcity. These impacts build climate resilience, ensure 

informed decision-making, and integrate CS into policy and practice. With this in mind, the 

overarching aim of the Alazani-Iori LL was to create awareness about the CS and its use among the key 

stakeholders in the basin (e.g., winemakers, cereal farmers, etc). As a result of increased awareness and access 

to CS, farmers are better equipped to adapt their livelihoods to challenges involving drought and water 

scarcity. With improved understanding and actionable information, stakeholders can make informed decisions 

on water management, crop selection, and adaptive farming techniques. At a broader scale, integrating CS 

into national drought management policies enhances institutional capacity to respond to climate risks. 

Governments and relevant agencies are better prepared to develop data-driven strategies, implement early 

warning systems, and establish long-term drought mitigation plans. This contributes to a more coordinated 

and effective response to drought conditions, improving national resilience to climate change. 

Assumptions 

Several assumptions have been made when projecting these impacts. First, it is assumed that the developed 

CS will be effectively scaled out to farmer groups beyond those initially involved in the project. This broader 

dissemination is critical to ensuring widespread benefits across different agricultural communities. 

Additionally, strengthening national capacity relies on the assumption that CS developed within the project 

are successfully embedded into national drought management policies and instruments. This requires 

institutional buy-in, policy alignment, and sustained engagement with governmental and regulatory bodies. 

Without these conditions, CS' long-term integration and sustainability may be limited. 
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Figure 9: Theory of Change diagram tailored to the Alazani Living Lab. 
Where appropriate, assumptions are linked to specific steps; other assumptions apply generally across the entire diagram. 














































































