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Executive Summary

Understanding and demonstrating impact is central to H@H$K projgc Qa YA &daA 2y G2 A YLINE ¢
through the integration of local and scientific knowledge. This deliveadgisentsthe 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 CharfeC)methodology.

I-CISK operates through seven Living L@hgin Europe and beyond, emreating actionable userdriven
climate services to support local communities and sectors in adapting to climatge&han overarchingoC

was first developed to provide strategic coherence across work packages, followedspgcific ToC
frameworksthat contextualise the change pathways in each location. These frameworks map the progression
from project inputs and divities to outputs, outcomes, and lorgrm impacts, while making explicit the
assumptions and external factors influencing success.

The development of Lépecific ToCs was carried out through participatory workshops, internal collaboration,
and iterativerefinement. The processiltimately 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 coreated climate services balso to guide critical reflection and inform raidurse
adjustments.

To support systematic monitoring, a set of Key Performance Indicators (KdPésjagigned and aligned with
the ToC components. These KRkyre regularly assessed using a traffight system to track progress and
identify implementation challenges. Complementing #iBlsmonitoring, impactstorieswere collected to
capture emerging changes in behaviour, decisimaking, institutional practices, and resilienoé multiple
actors to the imatic hazards (e.g., drought$pdds,and heatwaves)

While validation of assumptions linked to shéetrm outputs has shown promising results in several LLs, the
evaluation of longeterm outcomes and systemic impacts remasmongoingactivity. Conthued monitoring

and stakeholder engagement will be essential for drawing more definitive conclusions on the sustained value
ofH L{YQa OftAYI(iS aSNBAOSa®

This deliverable outlines the methodology used, presents the overarching aspktific ToCs, providean

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-@i&HK remains impafiicused, user
centred, and adaptive throughout its pfementation.Thenovel approaches and insigidscumented in this

report could bevery helpful to co-design implement and learn from theembedding ofToC and impact
assessmeninto the course otlimate 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. Thigas considereaspecially important in the CISKoroject funded through European
Unioma | 2NRT 2y HnHn NBa&SI NXvarking sicRssavgny/le idEuippezagt béyidhi, 3 NI Y
[-CISK aims to support vulnerable communities and sectors in better anticipating, preparing for, and adapting
to climate changdl-CISK, Innovating Climate Services Through Integrating Scientific and Local Knowledge.,
2021; Masih, Van Cauwenbergh, & al., 2022 project focuses not only on producing climate data and tools

but also on ensuring that these services are w@ven, actionable, and tailored to the specific needs and
contexts of eneusers. Assessing impact helps determine whether these efforts translate into concrete
benefits for example, bycontributing toenabling informed decisiemaking, supporting behasirral change,
empowering citizen and decisienakersor reducing vulnerabilitpf societies and ecosystertsclimate risks

Driving a positive change ohdse impact area@mong others, is a core focus on many climaated policies

and strategies oftte European Union (EWEuropean Commission, Forging a climasilient Europe the

new EU Strategy on Adaptation to Climate Change, 2021; European Commission, European Water Resilience
Strategy, 2025)

Embeddin@ ToC within the framework of policies, plans and projexaa support designing and implementing
impactoriented programmesAs suchthe ToC and impact assessment were integrated into the design and
implementation of thd-CISKoroject The ToC provides awsttured framework that maps how projettputs,

activities and outputs are expected to lead to outcomes and loihgen 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, 2024 ToC in-CISK has been developed in close
connection with theLlsi2 NBFf SOUG G(KS &aLISOATAO O2yGSEGASZ LINA
innovative dimate Services(CSs)vere cacreated and used to a varying degrélehe ToGalso serves as a
foundation for learning and adaptive management as the project evolves.

Alongside the ToC, KRiee crucialto monitor progress systematically and assess whether itiegvare on

track to achieve their intended results. These KPIs provide measurable benchmarks for outputs, outcomes,
and, where possible, impacts. Furthermore, evidence of charagebe capturedhrough impact stories,
highlighting how cecreatedCS areused in practice and what difference teemake in the lives of useend

the sustainable use of natural resources and ecosystems

Together, the ToG KPIs, and impact stories form a comprehensive framework for understanding,
demonstrating, and communicaig the added value dd project Thel-CISKoroject has incorporated these
elements right from the inceptiarinder work package 1 (WP1), seldmare established in the Netherlands,
Spain, Italy, Hungary, Greece, Geargiad Lesotho(Masih, Van Cauwenbergh, & al., 2022he of the core
objectivesof WP1 igo evaluate and monitor the short, mediymnd longterm impacts in each of these seven
LLs. Theseare central to achieving theQISK impact, serving as key implementatipacesHowever, the
impact of ICISK is not limited to thels. Other overarching work packages and tasksh as the careation
framework and innovative visualisation practicaso have the potential to generate impact in wider contexts
and be adoped by global organisationsChis report aims to document the progress made on the task
dedicated todevelopinga systematic monitoring and evaluation of the project impacts underpinnecéy t
ToCapproach.
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2 Methodology

TheLLapproachis central tothe2cy OSLJi +F YR YSUK2R2f 238 2F (GKS L/ L{)
impacts. The-CISK work has been conducted in the severinLEurope anteyond(Figurel). The Lkare

located in diverse geographicahd climatic regions facing various climate and water related hazards that
impact multiple sectors of the economy in these regicfablel). SeverMdzt Attar flatforms (MAR) have

0SSy Saidl of A a K@ per M,)whidh Srind togethef over 15p actors voluntarily contributing

toG KS LINROS&aa 27F 02 mnmOaEielévan? iy thér heedsMiicénteldsNThé MAPE aré
composed of diverse group of actors well represent policy makers, academia and resedustry and

business community, and citizens, alongside actors representing the whole value chain of CS development
(e.g. providerspurveyors,and endusers). Thénclusion ofthe MAPs providea collaborative learning and
innovative environmenttofatiA G 6 S O2nmONBI GA2Y | YR RS yigradidiheld A 2 y
dZaSNEQ ySSR&a FT2NJ AYLINROYSR RSOA&AZ2YTYIF{AYy3d +G + R
geographicalglimatic,and sectoral conditions in the selected EU regiand beyond.

Ru]nland Basm lhe Netherlands

Alazam Rlver Basin,/ Georgia

Eudapes\ Hungary

Southern Lesotho and jenqu Valley, Lesotho

Figurel: The geographical location ofCISK's Living Labs in Europe and Africa.
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Tablel: Summary of selected characteristics of théISK Living Labs
Adapted from(Moschini, Emerton, & al, 2022; Masih, Van Cauwenbergh, & al., 2022; Egan, Emerton, & al., 2025)

LivingLab  Climate information Main Hazards Main sectors in CS currently in use CS How the new CS cocreated under {
Kdppen classification in focus under focus under 1 identified CISK address the identified needs
with mean annual [-CISK CISK

precipitation in mm
and temperature in°C
(and monthly range

Rijnland Marine West Coast  Drought, water Water Drought monitoring system  Longer lead times;  Developed streamflow forecasts with

Delta, the  (Cfb) scarcity management, (including mediurrrange stakeholder sub-seasonal to seasonal outlooks;

Netherlan P: 825 (40) Tourism and . forecasts), streamflow engagement; user thresholds and historical context

ds ' water recreation,  predictions friendly integrated; simplified interface to aid
T: 11 (418 Agriculture, visualisation water management and policy

coordination.

Andalucia, Mediterranean (Csa) Droudt, water  Water reservoir management Sectorspecific Using magbased and interactive visuali-
Spain P: 485 (270) scarcity, management, support, seasonal forecasts, forecasts (rainfall, ~ sations, provided (1) suseasonal to sea-
' heatwaves, environment climate projections, climate  temperature); sonal predictions, (2)0-yearprojections;

T: 17 (926) wildfire including forestry,  scenarios viewer, drought  improved temporal  2"d (3) historicaP and T data; (4) agrocl

matic indicators; and (5) improved hydra

ﬁ\?ensctlél(t:lli:[eo,urism, mon!tor!ng, iver basin and Isp.anal geological character_iza_tion. CS tailored 1
and recreation monitoring resolution drought response with improved lead
time, spatialresolution,and accessibility.
Emilia Humidsubtropical Drought, water  Water Regional climate projections River discharge fore- Delivered streamflow forecasts at daily
Romagna, (Cfa) scarcity floods, management, agriculture water demand  casts; local data inte- and monthly timescales with colour
Italy and highly agriculture, forecasts gration; intuitive wn-  coded thresholds; local stakeholder sites
P: 800 (45100) variable water  environment, certainty displays integrated; visual simplification of proba-

T: 13 (223) supply energy bilistic outputs.
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Erzsébetv  Humid Continental Heatwaves, Tourism and CLMS Urban Atlas, historice Urban heat mapping; Built highresolution thermal maps and

aros, (Dfb) Urban heat recreation, global land surface health-impact fore-  vegetation overlays; enabled identifica-
Budapest, islands temperature, meteorological casting; greaing tion of heat hotspots and monitoring
Hunngy P: 570 (3670) Health datello air quality monitori?wg strategy support greening efforts; interface tailored for

olicy and public communication.
T: 11 (1 to 22) policy and p

Crete, Mediterranean (CSa) Drought, water  Tourism and Weather forecasts, climate Touism indicators;  Created dashboard of 12 usdefined in-
Greece scarcity, floods  recreation, water  change impact assessments crosssector forecast- dicators across water, transport infra-
P: 655(0-140) management, and vulnerability analysis,  iNg; clarity and acces structure, and tourism; scenarioased
T: 18 (1126) energy, hindcasts, shorterm ' sibility OL_Jt_puts with spatial interactiv_ity and sim-
agriculture forecast service for plified charts; users helpedefine Iayouf[.
. Seasonal forecasting supports operation
reservoirs decision making. Indicator values up to
end-of-century support longerm plan-
ning.
Alazani Humid subtropical Flood, drought, Water meteorological and Streamflow predic-  Designed river forecast portal with probe
river (Cfa) water scariy management, hydrological forecasts, tions; early warning; bilistic shading and percentile views; in-
basin, agriculture, extreme event warnings, chally adapted ser- cluded obser\{ed data and educati_onal
Georgia P: 730 (3aL06) environment, agrometeorological vices tools (e.g. serious game); user training
T:10 3 t0 22) energy,tourism, bulletins, frost early and iterative feedback loop included.

and recreation warning, seasonal outlooks,

climate projections

Southen  Temperate with Alpine Drought, water  Disaster Seasonal climate outlook,  Districtlevel fore- Developed drought forecast tool with dis
Lowlands influence (Cfb) scarcity, cold management, seasonal meteorologal casts; centralised trict-level triggers, populion impact
Districts, waves, Agriculture and outlook, seasonal platform; trigger overlays, and sidey-side forecast com-
Lesotho P: 700 (1€120) hailstorms livestock, hydrological outlook, socio based early warning parisons; aligned with Early Action Protc
T:14 (8t0 19) humanitarian economic outlook, crop col.
monitoring, vulnerability
Assessment
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A cocreation framework was developed unde€ISK project, which was used to guide the@ation process
across the seven &(-CISK, A prototype framework on-cteating enduser centred climate services, 2022)
This framework consisted of different phases, from building continuous engagement;delicering pre
operationalC3nnovationsystems Eigure2). This framework was applied in thesirLa flexible, iterativeand
context sensitive manner. The application of theareationapproach was underpinned by a wide range of
inputs (e.g., data, models, scientific and local knalgk) and activities (e.g., meetings, workshops, surveys),
leading to outputs (e.g., preperation CS) contributing to expected outcomes (e.g., enhanced capacity and
awareness) and impacts (e.g., empowering of the stakeholders).

viable,

Living lab context accessible

user-
centered
Climate
Services

2 Prototype
~ co-delivery

which distribute
useful,
usable
climate
information
through an

comprehensive

credible,
Inclusiveness climate product

Figure2: The cocreation process and its evaluation criteria to deliver usegntred climate services.

The methodology for monitoring and assessing the impacts of@ISK project has been developed through

an iterative and participatory processitd 2 NER (2 NBFt SO0 GKS Ayy20l4A0S
creation and impact monitoringThe methodology was designed with two primary goals in mind: first, to
systematically monitor and evaluate the expected impacts of the project, bothdonLLand at the overall

project level; and second, to develop and refinBaframework that is aligned with the ecreation processes
centraltol L{YQa AYLX SYSydlFdA2y &aiNI GS3e okPicknnectedtiNtBeO S a &
ToG providing measurable milestones for impact monitoring.

During the first part of the projectM1-18), we focused on designing an innovatieentext specificand
systematic approach to impact assessment. After reviewing a range of existing ToC framexeat&seloped

a novel ToC framework forQISK. What distinguished our approach from conventional ToC models was the
deliberate integration of ToC elements with the phases of thereation processised in the CISKLLs (I-

CBK, A prototype framework on @veating enduser centred climate services, 202Zhis 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 Mlinster). Based on feedback received, we finalized a revised version of the ToC, which
linked inputs, activities, outputs, outcomes, and imiaio the key stages of exreation in the LLs. The aim
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was to enable systematic impact monitoring for each LL, while also ensuring that the impacts -6fi8i¢ |
project at large could be understood in relation to itsaeationframework

While the inrovative framework developed in the first period (EMI18) offered a robust conceptual
foundation, we encountered two main challenges in its implementation:

1. Complexity and abstractionThe framework, while innovative, remained relatively abstract, making
it difficult for the LL teams to operationalize.

2. Need for contextualizatio: Each LL operatein distinct contexs, necessitating tailored ToCs to
meaningfully guide monitoring and impact reflection.

In response to these challenges, during the second remppneriod M119-M36), we adapted and improved

our approach. Recognizing the need for clarity and usability, we embarked on a simplification process,
producing a new overarchingdISK ToC diagram and narrative for the entire project, complemented by
dedicakd, customized ToC diagrams and narratives for each of the ddsenhesell¢specific ToCs were
developed as contextualised extensions of the overarching rbod in the same overall logic, but adapted

to reflect the distinct settings, stakeholdersicadynamics of each Lab. This nested structure aligns with the
approach described bpavies R. , 200d)ho emphasises the importance of representing complexity and scale

in large, multilevel interventions. Rather than treatineach ToC as an isolated plan, thdoCs function as
grounded expressions of the broader theory, enabling us to trace change both locally and-sydeein a
coherent and adaptive way.

The cecreationof the Lkspecific ToCand their refinement werestructured asparticipatory and iterative
proceses

1 Workshop A crosdearning 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-creationof Ll-specific ToCs.

1 Internal LLwork: Each LL team worked internally, drawing on their ongoing engagement with local
stakeholders and their MARRo draft their ToC narratives and diagrams.

1 Review andrevisiont Draft ToCs were reviewed by the T4sB team and iteratively refined through
feedback sessions, including individual LL meetings and regular WP1 coordination meetings.

9 \Validation: LLs were encouraged to validate their ToCs with their respective MAPs, fostering
ownership and enhancing relenee. Several LLs successfully completed this validation.

9 Finalization andcommunication The finalized projeetvide ToC diagram and +pecific diagrams
were consolidated and are being disseminated through project materials, including ahiyexas
published on the-ICISK website.

Another key componentin our methodology was the structured alignment of KPIs with the ToC framework.
The KPIs were selected and refined to reflect the expected immawdnbjectives of the -ICISK project,
includingcontributions to theSustainable Development Goa&Gpandto the relevant EU/national policies

and impacts related to citizen engagement, knowledgepcoduction, resilience building, and the uptake of
CSs.

Baseline values for KPIs were established in theréstrting period (MtM18). During the second reporting
period (M1M36), progress was monitored, with attention to areas needing further work. A -colded
system (green/yellow/red) helped to visualize KPI performance and guide action plafdiigondly, 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 framewarfor the 1CISK project

3.1 Overarching heory of Change

Thel-CISKToC(Figure3) depictsthe trajectory of howthe projectwill 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 putantise 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 beathievedand outputs are used effectilye TheToCrests 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;tiine strategies, and optimize the impact of the
interventiors.

3.1.1 Cocreation process

Within CISK, the sphere of control (inputs, activities, and outputs) is executed within the framework of co
creation Figure2) in LLenvironments {CISK sevells). This framework centréhe 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 usabledisused.

3.1.2 Inputs

The inputs required for this include stdi@ders 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 addditmthnical resources

and tools to facilitate the development of CS.

3.1.3 Activities

Activities in 1CISK will be directly linked to the-coeation process and will apply a range of approaches to
engage stakeholdeysuch as serious gaming, workshops, aadipipatory modelling to name a few. Within
this stage, stakeholderare engaged in the cexploration of user needs, ddentification of adaptation
strategies, cadevelopment of climate data and knowledge-@esign,and ceevaluation of usecentred CS
and finally cedelivery of a usecentred CS.

Assumptions

For theseactivities to be undertaken, we assume that the stakeholders engaged in the process have the right
skills and capacityp carry out the process

3.1.4 Outputs

A key output for{CISK is produag preoperational CS that can be used in the seven LLs. Several other products
such as datasets and tools will also be develgpeduding guidance for the development of humeentred

CS that enhances understanding of adaptation processes and cengresistainable use of CS.

Assumptions

For the outputs to be produced, we assume that thecceation process will be inclusive and tim&naged,
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 mur main outcome which is to inspire a change in society by having relevant
society members make use of the various products curated and developedCI8KIto not only further
develop tailored and behaviourally informed CS, but to also enhance undensgpofiihe adaptation options
and capacity of users to use CS.

Assumptions

For the outcomes to be achieved, we assume that@® developed as part ofCISK 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 impaethich is the improvement of society's resilience to the
impacts of climate change, with users being viigibrmed to understand, process, and use climate
information in decisiormaking.

Assumptions

For this to happen, wassumehat the CS produced are used, upscaled, aftective in supporting decision
making.
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Committed stakeholders with the right skills are involved in the living labs and consortium to carry out the process

The processes of co-creation in obtaining the inputs and through activities for this theory of change are inclusive and time managed
The data necessary for the development of climate service is available

The climate services developed are tailored and fit for purpose, and well understood by end users

The climate services produced are affordable

The climate service produced are used, upscaled and effective in supporting decision making

Assumptions:

PN =

Inputs Activities

Assumptions 2, 3

Cao-exploration of social, behavioural
B [H and design factors influencing adoption

(WP 1,2) \_)
@ a Assessment of the human-climate
@ [ feedbackmechanisms at different
2 [ spatial-temporal scale (WP 4)
C‘”ff; groups, stakkeh?\d;ls, Initial framework for co-designing CS _/—)
and decision-makers in the
seven Living Labs =] including social a(r\:;j:;hawoura\ factars
Decision processes that i
require climate information AT i g CSexploitation and dissemination, —/—)
LI eolicy outreach, and capacity builing
Tools and models N WP &) —
Existing adaptation B Business development to assure future _/_)
optiens ];l = commercial explaitation (WP 5)
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Novel (empirical) models that
provide insight on the human-
climate feedbacks of adaptation
options and actions

Guidelines for co-designing
next-generation human-centred
climate services

Education material for capacity
building

Business madels for sustainable
operation and up-scaling of the
next generation of CS

Open source toals, front and
back end, integrated to
Copernicus and GEOSS, and
adaptable to create new CS

Pre-operational Climate
Services for use in seven living
labs

New datasets and actionable
information products that
integrate scientific and local

knowledge
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Figure3: Overarching Theory of Change diagram for the ICISK project.

E Interviews & surveys “a~ Workshops & meetings

7= M&E activities /' Design activities Software development

Outcomes

The co-production framework
is used by CS providers and
purveyors to develop CS

Users' knowledge and
understanding about the
impacts of climate change and
adaptation options are
enhanced

I-CISK data and tools are
uptaken and used by the EU
CS market and beyond

The exploitation of Information
and data from the Copernicus
programme, the GEOSS and
other global initiatives is
increased

Pre-operational climate
services are used and inform
the decision-making processes
of Living Labs, also beyond the
project

Impacts

Citizens, decision-makers, and
stakeholders are empowered to
adapt their livelihoods and
organisational activities to
climate change both in the
short and leng term, thereby
increasing their climate
resilience

Climate modelling

|= Literature review

The CS providers and
purveyors, including SMEs and
sector organisations, improve
their institutional and/or market

position

The impacts of climatic hazards
on social, economic and
environmental sectors are
reduced

¢KS RAFINIY QA adz £ Aldivifies, Oltpus, Oudbhbhe SabdilmpactsLIyputkizackivEies,! add Outputs fall within the Sphere of Control: what the project
team can directly ranage and deliver. Outcomes and Impacts belong to the Sphere of Influence: areas where the project contribligerye, but results depend on
external factors beyond direct control. For each activity, the selected approaches have been highlighted. Key assumptlmenhdentified and linked to specific steps

in the Theory of Change; for example, Assumptioaad 5 must hold true for the Outcomes to be achieved after the Outputs are delivered.
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3.2 Lltailored Theory of Chandemeworks

Using the methodology outlined in the previous chapter, elactieveloped its own tailored oG building on
the overarching frarework while reflecting the specificities of its local context.

3.2.1 Rijnland DeltaThe Netherlands
The ToC diagram for the Rijnlahd is shown ifrigure4, with the corresponding narrative provided in the
following paagraphs.

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 boatirubs 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 decisiorgages 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 providedIBKIpartners are used in

the CSunder development.

3.2.1.2 Activities

The activities for the cdevelopment of the Rijnland drougl@Sevolve around workshops and bilateral
meetings with the MAP members, for the-cequirements, cedesign, and c@valuation of the pilot drought
awarenessCS In adlition, sprint meetings betweenCISK project partners for iterative -development of

the CSare 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 meetimgsamplete the cecreation process of the pild&tS
application, and a final workshop with all MAP members to address sustaining and uptakeGsti&gond

the project lifespan, e.g. through business models. One activity to fostscaling and exploitath beyond

0KS al!t YSYOSNRZI Aa (2 LINBaSyid G 2yS 2F wiayfl yR!

Assumptions

For these activities to be undertaken, we assume that the stakeholders engaged in the process (MAP
members) have the continued intest 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 preperational Rijnland Drought forecasting and alert sewivith climate
change impact information. The main components of the pil& application are: 1) Seasonal streamflow
forecast, 2) Seasonal Potential precipitation deficit forecast, 3) Weekly drought status and alert overview, and
4) Climate change impaénformation 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 drougb$

Assumptions

Here we asume that the careation process will be inclusive and timmanaged, 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 envisageddrom th
beginning of the-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 MARmMbers active awareness of, discussion on, and development of
integrated long term drought mitigation strategies in a changing climate. For tlikeweloped droughCSto
become and remain one of the vehicles in reaching these outcomes, it is an imipoutaome in itself that

the service is used in MAP member decision making processes. Within the Rijnland area, tl@Ssambe

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

Assunptions

For this to happen, we assume that the products developed as parCtBK 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 inRfijaland 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 ssmmaomic adverse effects of droughts, in Rijnland
specifically and the Netherlands as a whole.

Assumptions

Here, we makeéhe assumption that the CS produced would be used, upscaled, and effective in supporting
decisionmaking.
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1. Committed stakeholders with the right skills are involved in the living labs and consortium to carry out the process
2. Consortium members have enough time available for technical development of the pre-operational CS
3. The processes of co-creation are inclusive and time managed

Assumptions

4. The climate services developed are tailored and fit for purpose, and well understood by end users
5. The data necessary for the development of climate services are available
6. The climate services produced are affordable also after 2 years after the end of the project

7. The data necessary for the development of climate services remain available for at least 2 years after the project
8. The climate services produced are used, upscaled and effective in supporting decision making
9. Drought challenges are critical for the MAP members and their sectors, now and in the future

Inputs Activities

N
Workshops for co-exploration of
user stories and information et
s needs (WP 1,2)
~

Water authority of Rijnland, Water
tourism (boating) foundation members,

agricultural sector representatives

Experts discussion and water
tourism survey to assess potential
human-climate feedback

A mechanisms (WP 4)
Prepare for alternative route water Sprint team session for expert
intake implementation of the IT

innovative cloud-based I-CISK web [ |

Adjust sailing plan (ciming and/or route)
Yjust sailing plan (timing ute) platform (WP 1,5)

Start water saving in local reservoir
(horticulture)

Framework for
co-designing CS (WP 2)

Drougth monitor Rijnland and trafic-light
info to water toursim

Workshops for co-creation of

tailored climate information for
drought forecast, alert, and
climate change impact (WP 1,2,3)

00000/

0

Invest in surface water storage
Invest in different kind of boats
Invest in different crops

\. J

1-on-1 interviews for feedback on
mock-ups for pre-operational ¢S | _|
interface and visualisation (WP
13,5
0000/

All experience with weather information
Water authority and agricultural sector
experience with dedicated forecast-
based information systems

-
N
Hydrometeorological real-time and

historic information, and forecasts up to
2-week lead time available

Rijnland drought climate
adaptation meeting with
stakeholders presentation,
international scientific
conference presentation, and
international MSc education for
€S exploitation and
dissemination, policy outreach,
and capacity building (WP 6)

N

Workshop for identifying
pathway(s) for continued use of
the climate service (components)
beyond the project (WP 5)

Figure4: Theory of Change diagram tailored to thejiand Living Lab.

Where appropriate, assumptions are linked to specific steps; other assumptions apply generally across the entire diagram.

CKA& LINRP2SO0 KI &
innovation programme under grant agreement No 101037293

Outputs

User-centered sub-seasonal and
seasonal Rhine discharge and
Rijnland cumulative precipitation
deficit forecasts

Pre-operational co-created
drought forecast and alert climate
service Rijnland, with drought
climate change projections NL
included

Tailored climate change
information for meteorological
droughts in Rijnland, the
Netherlands, and hydrological
droughts in the Rhine River Basin

User-group specific presentations
of the Rijnland drought climate
service for capacity building

Business models for sustainable
operation and up-scaling of the
Rijnland drought alert CS

Novel (empirical) insights on the
water tourist - drought in a
changing climate feedbacks of
adaptation options and actions
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Outcomes

Pre-operational subseasonal and
seasonal I-CISK co-developed
drought forecast and alert
climate services are used, and
inform the decision-making
processes of MAP members of
Living Lab Rijnland, also beyond
the project

Users' awareness of, knowledge
and understanding about the
impacts of droughts under
climate change and drought
adaptation options are
enhanced, and MAP members
engage in discussions on
integrated drought risk
management of the Rijnland
area

MAP members engage in
discussions on integrated drought
risk management of the Rijnland
area in a changing climate

I-CISK data, tools, and co-
developed climate services, e.g.
seasonal streamflow forecast
and weekly drought status
overview, are taken up, adapted
and used by stakeholders
beyond the project, in the
Rijnland area and the
Netherlands

The exploitation of information
and data from the Copernicus
programme, in particular re-
forecast datasets for drought
variables, is increased

Assumptions 5-9

Citizens (water tourists),
decision-makers (Water
authority Rijnland) and
stakeholders (Agri-business
representatives, water tourism
foundations) are empowered to
adapt their private and
organisational activities to
drought risk in a changing
climate both in the short and
long term, thereby increasing
their climate resilience in the
area of Rijnland, South Holland,
Netherlands. (interlinked with
Impact 2 below)

The impacts of drought hazard on
social, economic and
environmental sectors are
reduced in the area of Rijnland,
South Holland, Netherlands
(interlinked with Impact 1 above)



3.2.2 Andalucia, Spain
The ToC diagram for Spanish the Léhiswn inFigureb, with the corresponding narrative provided in the
following paragraphs.

3.2.2.1 Inputs

The SpanishLteam 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 andisidd the citizen groups, stakeholders, and
decisionmakers invited in th& LMAP and finally was able to engage a group of people representing relevant
organisations. Actors engaged committed to the process formally and each engaged different professiona
profiles, in accordance with the LL dynamics and requests.

All MAP participants were asked what climate information they were currently using allowingCtisKIteam

to identify gapsneeds,and expectations. Each of the participants shared what deeisiaking 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 collaboratig to improve their situation.

The LL allowed to share knowledge on existing tools and methods for develogirand could a) identify
reasons why the current CS made available by local authorities were not so much known, b) propose
innovative approachesf 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 (smartphoras), 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. rtiratic conditions)and the adaptation
measures normally put in place. This allowed a solid basis for the further analysis and-eation process,
based on real experiendsased knowledge and nurturing the overall, integrated initial diagnosis of the
different aspectf 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 ideaslyalrom the start of
the FCISK project.

3.2.2.2 Activities

The SpanishLsetting allowed to ceexplore social, behavioural and design factors influencing the adoption
of CS thanks to the elaboration of a solid -ceeation framework (WP 1,2). Furthermore,allowed the
assessment of the humariimate feedback mechanisms at different spatehporal scale (WP 4). Assuming
all input was correctly gathered from the MAP, this process allowed to generate expelbiased knowledge

to trace guidelines for cdesigiing next generation human centregis.

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
resuts.

Caimplementation of the IT innovative clotmhsed 1CISK web platform (WP 1,5) allowed to visualise the
tailored climate information including local knowledge and scientific data (WP 1,2,3) developedliycthe
creation process and deliver paperaional CS for use in thd.: Temperature and precipitation projections
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and predictions, historical climate, hydrogeological characterization. These activities madebassst
climate information available in a format and at a scale that is useful fousatk.

Under the assumption that improved data quality allows integration gperationalisatiorof next generation

CS, gathering new scientific data indeed enabled to produce new datasets and actionable information
products that integrate scientific antbcal knowledge (e.g., groundwater information, olive tree growth
parameters).

The LL setting created spaces for communication with CS providevgyorsand end users, generating new
relations between local actors. Furthermore, assuming no patentather 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 insighm the humanclimate feedback of adaptation options and
actions were created as well as guidelines fodegigning next generation human centred CSs. The approach
enabled new relationships to be established between key local actors within the LL ancitgesteonger
community relationships.

The education material for capacity building developed to underpin @% and new actionable data
embedded in it enabled correctly using the-pmduction framework by CS providers and purveyors to
develop CSs, impring 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 capaititing was effective and relevant target
audiences were reached was confirmed.

Business models for sustainable operation anesogling of the next generation of CS enabl€d3K data and
tools are taken up and used by the EU CS market and beyond.

PreoperationalCS 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 knowledged., 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 thesgsadeto inform the decision
making processes ails, also beyond the Project.

Indeed, CS purveyors see an added value to the new CS to improvéased climate information made
available in a format and at a scale that is useful for end users, allown@€$ 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 frod e that data quality
allows inegration and operational use, and that the relationships built throughlLtheemain 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 stabiglers 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 ceproduction framework used by CS providers and purveyors to develop CS,a&nable
new opportunities for collaboration.

Enhanced users' knowledge and understanding about the impacts of climate change and adaptation options,
uptake of ¥CISK data and tools in relevant environments and the use of thegertionalCS to inform the
decisionmaking processes allowed to empower citizens, decisiakers, 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 dadan the Copernicus programme, the GEOSS and
other global initiatives, the use of this data to inform the decisioaking processes dfls, and perceived
improvements of the market position of the economic sectors participating in the MAP, the impabitsatfc
hazards on social, economic and environmental sectors are reduced.

Assumptions

The outcomes rely on the assumption that capabityiding activities were effective and reached the relevant
target audiences. It is also assumed that REDIAM will riatedghe CSinto its website and keep it available
beyond the end of the project. Finally, it is assumed that@@proves useful for both providers and users.

3.2.2.5 Impacts
The Andalucia LL aspires to have the following impacts by the end e€t8KIproject

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 act@s 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 ((_{WWBCAP collaboration), and

soil management (HE Monalisa Project). These opportunities have arisen from -firedtaction
process, the capacity building activitiessseminationand 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-@esigning CS, the @xploration of social,
behavioural and deign factors influencing the adoption of CS and the assessment of the human
climate feedback mechanisms at different spate&hporal scale. The eproduction framework is

used by CS providers and purveyors to develop CS and underpins the assumptionptfoated
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 experiefimsed kiowledge to guide the cdesign 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 climatehange both in the short term and long term, thereby increasing
their climate resilience. The climate information generated is useful thanks to thyemeration of
knowledge and understanding of the impacts of climate change and of the needs to adagivto n
conditions. Also, the climate information is improved (is nebdsed) thanks to the cmlentification
of necessary climate information to underpin critical decisions in the region (olive farming, livestock
rearing, forestry management) in a continuoteedback process integrating scientific and local
knowledge. To support the etreation process new databases and information are being generated
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that relies partially on prexisting databases (for instance Copernicus, local meteorological stations,
other research projectspast and presentin the region). Under the assumption that the information
provided is used and improves the decisioaking process, local societies are empowered to adapt
to changing conditions. This process is sustained by WP1aWwP2/P3 activities.

3. Resilient regiongommunities,and farmers. The impacts of climatic hazards on sostalpomic,and
environmental sectors are reduced: reduce drought vulnerability and became more drought resilient
The CS providers and purveyors, idahg SMEs and sector organizations, improve their institutional
and/or market position thanks to the innovative information produced by the CS within ICISK. The
ICISK careation process facilitates enriching existing tools and provides additional vathe tese
of climate dataAssuming 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 cresectoral mpacts and thus help risk manageme&tistainability
of the developedCS 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 mpacts 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 imgve decisiormaking processes. Finally, it is assumed that
stakeholders actively use the CSs to support their decisions.
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1. All input was correctly gathered from the MAP

2. Data quality allows integration and operativization

3. Living lab relat

tions are solid

4.No patent and other payments needed to further exploit the system

Assumptions

5. Capacity building was effective and relevant target audiences reached.
6. Rediam (CS providers) will integrate the service into its website and is available after the end of the project
7.The CS is useful for providers and users

8. Better relationship leads to a resilient community

9. The complementarity of CS produced provides an integrated view on riscks and vulnerabilities
10. The information improves the decison-making process

11. Stakeholders use CS in the decision-making process

Inputs Activities

Co-exploration of social,
behavioural and design factors
influencing adoption (WP 1,2)

Assessment of the human-climate
fé

‘eedback mechanisms at different

I Assumptions 1-4 I

Outputs

Guidelines for co-designing next-

spatial-temporal scale (WP 4)

N
—_—

Initial framework for co-designing

Stakeholders €S including social and
Key actors indentified by UCM and behavioural factors (WP 2)
CREAF in Los Pedroches region
Framework for

—_— S exploitation and dissemination,

policy outreach, and capacity

Existing adaptation options building (WP 6)
Current CS made available by local

authorities were not so much known

Co-implementation of the IT
d1-CISK web
platform (WP 1,5)

P
IT resources Co-identification of local
- Smartphones are the preferred digital knowledge and co-creation of
support tailored climate information
- Limited internet access in rural areas including local knowledge and
scientific data (WP 1,2,3)
 Existing local knowledge Co-design and co-evaluation of
- Climatic conditions of the past and pre-operational CS interface and
present visualisation (WP 1,3,5)
- Biophysical specificities of the region
(e.g. micro-climatic conditions)
) tlons) Gathering new scientific data e.g.,
_ D, hydrological/groundwater

Create spaces for communication
with CS Providers, purveyors and
end users

Sustainability plan development
to assure future availability of CS
(WPs)

Figureb: Theory of Change diagram tailored to the Spanish Living Lab.

Where appropriate, assumptions aliaked to specific steps; other assumptions apply generally across the entire diagram.
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human-centred climate
services

Education material for capacity
building

Business models for sustainable
operation and up-scaling of the
next generation of CS

Pre-operational Climate
Services for use in the Living
Lab: temperature and
precipitation projections and
predictions, historical climate,
hydrogeological characterization
and agroclimatic indicators

New datasets and actionable
information products that
integrate scientific and local
knowledge (e.g, groundwater
information, olive tree growth
parameters)

S purveyors see an added value
to the new CS

Better need-based climate
information is available in a
format and at a scale that is useful
for end users
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Outcomes

New relationships between key
local actors within the LL, stronger
community relationships

The co-production framework is
used by CS providers and
purveyors to develop CS

Users knowledge and
understanding about the impacts
of climate change and adaptation
options are enhanced

I-CISK data and tools are uptaken
and used by the EU CS market and
beyond

The exploitation of Information
and data from the Copernicus
programme, the GEOSS and other
global initiatives is increased

Pre-operational climate services
are used and inform the decision-
making processes of Living Labs,
also beyond the project

The CS providers and purveyors,
including SMEs and sector

improve their
institutional and/or market
position

1

The Analucia LL contributes to
build cohesive and connected
‘communities and acts as a
projects incubator, generating
and taking advantages of new
opportunities for collaboration

Citizens, decision-makers, and
stakeholders are empowered to
adapt their livelihoods and
organisational activities to
climate change both in the short
and long term, thereby increasing
their climate resilience

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




3.2.3 Emilia Romagna, Italy
The ToC diagram for the Emilia Romagna shown inFigures, with the corresponding narrative providein
the following paragraphs.

3.2.3.1 Inputs

The application of theToCto the Castellarand.L on the Secchia River focuses on enhancing water
management amidst climate change. The initiative involves a variety of stakeholders, including the Regional
Environment&Protection Agency (ARPAE), Regional Authority of HRoliaagna, local utilities and irrigation
consortia, who provide the expertise, local data, and knowledge necessary for develismy, in the case

of consortia, also play a relevant role in wagxploitation 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 protectionanelasonable exploitation for
agriculture and industry.

3.2.3.2 Activities

The project starts with the collection and integration of scientific and local knowledgetimealgauging
station data, and the experiences of past climatic events. This foundationaliglatacial for informed
decisionmaking and currently represents the main source of information to take operational decisions during
drought. The core activities revolve around aaeation process, where stakeholders engage in iterative
workshops, focugroups, 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 develagoted climate information to boost new decisions.
Through this process, a paperational CSis created, focusing on useantered design that incorporates
social and behavioral factors.

3.2.3.3 Outputs

The initiative expects several outputs, including buildoapacity 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 lojited t
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. Additidpathe 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 assuméhat uses are confident enough in the potential of the n&® to engage with and adopt

them. TheCS produced are expected to be affordable, ensuring accessibility for intended users. It is also
assumed that the value of these services can be reasonably estipfatezkample by linking them to tangible
resource gains or improved access to financing channels that support adoption. Finally, the necessary data for
developing theCS is assumed to be both available and operational.

3.2.3.4 Outcomes

The main outcomes of thigitiative 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 preoperational 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 decisiormaking in drought management. This includes enlrandhe 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 strategs 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 assumedhat pre-operationalC&% O y & dzkALI2ENIE OSHyKINR 2 a8 (2 F2aGSNI Yz
making. TheCS produced are expected to be used, scalable, effective, and tailored to user needs, with end
users able to understanand apply them. It is assumed that users can seeweald 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 edcddgflow 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

¢CKS 2@SNINOKAY3I AYLI OO &a2dAaAKiO o6& (GKA&a AYAGAlI GAOGS
involves achieving a better balance between water availability for legitimate uskseducing environmental

stress, enabling welhformed decisiormaking 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 uisable 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
managenent, moving beyond contrdbased, neareaktime routines. By integrating preperational CSs into
regional plans and emergency protocols, it is assumed this will drive a transition from reactive to anticipatory
drought management. Users are expected tddboapacity 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, bajaweiter provision during

critical periods with environmental protection.
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Assumptions

Inputs

Stakeholders
RER (regional govenrment), ARPAE
(regional environmental agency), Land
Recl. Auth. Emilia Centrale & Burana,
IRETI (multiutility company), Aren SPa
(hydropower plant owner)
Decision processes
- Anticipate emergency measures for
drought
- Resilience plans to include new CS

as a tool

Tools and models
“Greeenlight style " alert system based
on monitoring station of
stage/discharge/level

Existing adaptation options
Emergency stop and reduction decided
in the "Drought observatory"

1. Committed stakeholders with the right skills are involved in the living labs and consortium to carry out the process
2. The processes of co-creation are inclusive and time managed

3. Users are confident enough about the potential of the new CS

4. The climate services produced are affordable

5. The value of the CS can be estimated reasonably, e.g. linked to tangible resources gain or availability to financing channels
to foster adoption

6. The data necessary for the development of climate services are available and operational

7. The climate services produced are used, upscalable and effective in supporting decision making

8. Political willingness to move and change regulations accordingly, e.g., giving more flexible Ecological flow regulations for CS

10. The climate services developed are tailored and fit for purpose, and well understood by end users
11. User of the CS shall be able to touch benefits in "real environment" e.g. check after a few years if expected improvements are achieved , for example if
more water is available during drought than in the past years thanks to better management like preemptive storage or modular Ecological flow

12. Accepting to move from "hold habits" to new tools from users like Consortia for example

13. No other public funded ("free") alternative became available in the meanwhile

14. Regional Authority supports this process by including in its plans this type of CS among the "best practices”

15. The data necessary for the development and run of climate services are available

and maintained operational

16. The climate change effect will not produce dramatic reductions of water availability beyond adaptation capacity

adopters 17. While CS is focused on better management enhancing availability of water for legitimate users, the users themselves shall do their part of the
9. Pre-operational climate services can be used to support what if scenarios, this assumption is targeted to reach the outcome adaptation job, for example accepting a constructive discussion on changing water demand patterns (e.g. accepting also to contribute by crop changing)

of more collaborative decisi making

Activities Outputs

cs and
policy outreach, and capacity

building (WP 6)

Business development to assure
future commercial exploitation
(WP 5)

Capacity building: find out how to
use forecast informations instead
of real time monitored data to

support drought mangement

Initial framework for co-designing
CS including social and
behavioural factors (WP 2)

Business models for sustainable
operation and up-scaling of the
next generation of CS

Co-identification of local
knowledge and co-creation of
tailored climate information

IT resources
ARPAE repository for gauging station
data

Existing scientific and local data
ARPAE gauging station data (real time
and past)

Relevant past events that stressed the:

system (e.g. drought 2022)

Pre-operational Climate Service
in Emilia Romagna

including local knowledge and
scientific data (WP 1,2,3)

Tools, front and back end, able to
- - ingest from (public) Copernicus or
Co-design of pre-operational CS popular EOBS format of forecasts
interface and visualisation (WP it adaptable to create new C5,

1.3.5) also private supplied forecasts
are of interest

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

Co-evaluation of pre-operational
CS interface and visualisation (WP
135)

Outcomes

Mind change about managing
emergency : moving from actual
“control" based near real time
routine to more collaborative
(and anticipated) decision making
about drought management

Pre-operational climate services
are integrated in the Resilience
plans and elements of the shared
management protocol are
integrated in the actual "traffic
light" style system (in the "yellow
area”)

The Climate (forecast) service can
leverage both paid upstream
forecasts and free Copernicus

provided ones (this enchaces the
possibility to be replicated in

other similar contexts)

Assumptions 1

Achieve a better equilibrium
between water availability to
legitimate usages and reduced
stress to the environment (water
ecological target for the water
body). The target groups are
water legitimate users (such as
industry, farmers, energy
players) on one side and the
environment on the other

Figure6: Theory of Change diagram tailored to the Emilia Romagna Living Lab.
Where appropriate, assumptions are linked to specific steps; other assurspajuply generally across the entire diagram.
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3.2.4 Erzsébetvaros, Budapesiungary
The ToC diagram for the Budapest L&hiswn inFigure7, with the corresponding narrative provided in the
following paragraphs.

3.2.4.1 Inputs

The BudapestLdid 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 tm8@an drone and IDEAS Al team, which creates mnesedution

heat maps from evening flights, as well as civil society organizations and volunteer residents who test the
CityZcan sensor hub during street measurements. Deecisimking processes particulgrin need of heat
information are organized around these actors, including the planning of grkenadaptation measures,
identifying hot spots, and raising public awareness. The technical backbone of the project includes developing
high-resolution dronemosaics, CNKConvolutional Neural Networkdased temperature forecasting, a web
basedGeographic Information Syste(®|S dashboard, CityZcan microclimate sensors, and integrating the
data. We have also developed an opswurce web GIS stack, a PyToraviemnment, 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 agsetsluding orthophotos, thermal GeoTIFF
mosaics, live GiZcan streams, and socioeconomic statistipsove that Budapest has the necessary "raw
materials" to accelerate heat adaptation. The task of thas to develop and combine these assets into a
coherent, populatiorcenteredCS

3.2.4.2 Activities

The LL's work preeds in circular, usarentered 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 questidremand interviews.

As a result of evening drone measurements, we created centirregelution land surface temperature (LST)
mosaics and a data collection framework for CityZcan sensors. These revealed how certain street objects or
land use increase thenvironmental heat load. This is accompanied by the creation ofdesmn framework

that incorporates social and behavioural psychological aspects. Residents, urban planners, and researchers
jointly decide on analysis pilots, the service platform stovef 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 decisiesupport graphics will be presented online so that representatives, jourmalist
and residents can view the project's outputs and progress.

Meanwhile, Heainsight apps (data visualization and processing scripts and downloadable CNN model) are
being developed, and market research is exploring which business models would be bestkfog the
service sefsustaining in the long term.

The system is based on a clebased 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. Drongenerated "tile" mosaics fit together to provide higésolution
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 &de 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@pach strengthens the usability and social embeddedness of the CS
step by stepdity.zcan.eu/en/mapp

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 shapegbi the ground up. Educational and communication materials accompany the
process. Short videos, eyatching infographics, and animations based on drone footage make it easy to
understand what the urban heat island effect is and how it is measured.

Visibilty and scalability are increased through a scaling and gamification package, which includesuen
heat image analysis scripts and a cooperative board game in which players collaborate to cool the city.

Technically, the heart of the project is theéyZican Sensor hub and retghe dashboard. The platform enables
residents to measure temperature, humidity, Particulate Matter (PM) 2.5, and infrared values. The analytical
toolkit and open data set LST scripts ensure the data is viewable, further ddgpable, and reusable.

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

Assumptions

In the output phase, the assumption is that critical data flovepéated 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 outpts combine to form a needdriven CS. Through continuous-gmduction, 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;efésttive interventions to be implemented.

The open code base and modular toolkit demonstratel&tgl interoperability, and any user can download
and customize them.

This strengthens evidendsased urban planning. Urban planners and residents can seenoap 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 anavide concrete decision support while establishing the
knowledge and tools on which future social impacts can be built.

3.2.45 Impacts

Once the results are in, Budapest's heat resilience will be strengthened because CS will reveal hidden heat
related problemamore effectively and make them locatable. Systems based on reliable data will stimulate a
localCSmarket. Sensor installation, data analysis, and urban planning companies will receive new orders, and
the city administration will be able to purchase seedgdhrough transparent competition. This economic
ecosystem can sustain and further develop the platform even after the project ends.
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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

Meanwhile, citizens will play a role in decisimraking. Measurements taken by CityZcan sensor volunteers
will be publishé 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 optimgationitand 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 theat 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 clmate change, setting an example for other European cities on how to effectively combine science,
technology, and community participation.

Assumptions

The assumption here is thahe CSis effectively integrated into official decisianaking processes. Risk
management: We use communication tools to maximize the impact of the development.
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1. Committed stakeholders with the right skills are involved in the living labs and consortium to carry out the process
2. The processes of co-creation are inclusive and time managed
. 3. The developed climate services (CS) will be adopted and further developed by local communities
ASS um ptl ons without obstacles and that users will understand the system's operation.
4. The climate services developed are tailored and fit for purpose, and well understood by end users
5. The climate services produced are affordable

Inputs Activities Outputs

Participatory mapping of heat-
risk perceptions & behavioural
triggers
surveys + interviews with VI-VIl
district residents + serious game
(WP2 and WP1)

A comprehensive public
engagement strategy has been
developed and implemented to

involve citizens in the urban heat

Ll island mapping project. This

Analyse human-climate

6. Stakeholders (citizen groups, decision-makers, holders of local knowledge) will be capable of identifying and sharing relevant local and
behavioural factors that influence climate adaptation.

7. The data necessary for the upscaling of climate services are available: high-resolution orthophotos, stitched thermal mosaics, CityZcan sensor
streams, OSM layers and basic socio-economic statistics continue to flow to the IDEAS servers under open licences, with drone over-flight permits
renewed each summer.

8. Heat-map layers are embedded in the district urban planing and heat alarm system and routinely cited in budget proposals; the open-source
toolkit is packaged for rollout to other Budapest districts and Hungarian cities beyond the pilot area.

feedbacks:

drone LST + CityZcan sensors ¥
model building/people heat loops
and game (WP2 and WP4)

includes organizing participatory
events such as workshops,
citizen forums, and community
consultations.

Budapest's local government authorities
are committed to the project and have
allocated staff with expertise in urban

planning, climate adaptation, and policy-

making.

Initial framework for co-designing
€S including social and
behavioural factors (WP 2)

Production of educational video
content and materials that inform
citizens and local authorities

(P \ about urban heat islands, the |

olicy outreach & information-

Decision processes that require

climate information: cool-roof portal development: results of thermal drone data
subsidies, green-blue adaptation public briefings, pop-up =t collection, and heat mitigation
measures exhibition, online resource hub strategies.
for planners & citizens (WP 6) —
N
: . ( - —
ools and models oy one-derived Co-design and co-evaluation of Strategies for the long-term
3 perature pre-operational CS interface sustainability and potential
predictor, GIS dashboard and visualisation - UX testing expansion of the UHI mapping
of dashboard, alerts & and knowledge platform.
ificati Comprehensive outreach &
Existing adaptation options: extreme refine colour scales, hotspot gamification package.
heat alarm, mist gates, use of individual thresholds, mobile-first layout; Short explainer videos, a roll-up
air conditioning units develop cooperative board game banner, cooperative board-
(WP 13,5) game prototype and a “thermal-
elephant” classroom puzzle—co-
sk, PTorch knowe o Ay procesing Commerclal roadmap for e o
oo “Budapest Heat-Insight APPs":
market scan, partnership models e ./
with architects, utilities & NGOs

CityZcan sensor hub and real-
time micro-climate dashboard:

Existing scientific and local (WP 5)

knowledge: little local heat information

Live air-temperature, humidity,
PM2.5 and infrared snapshots.

Co-implementation of the IT
innovative cloud-based I-CISK
Existing scientific and local data: some web platform and also

Urban-heat analytics toolkit &
open dataset repo:
Python scripts for LST statistics, K-

preliminary heat maps are available deployment of the cloud-GIS
platform on IDEAS servers:
orthophoto / observed LST /

CNN-predicted layers + OSM

basemap (WP 1,5)
0 "

Means surface-type clustering

and cooling-potential calculators,

bundled with orthophoto/thermal
tiles—released on GitHub.

measured datasets into \ )
tailored layers:
combine volunteer
measurements, CityZcan feeds &
drone tiles for validation(WP 1,2,3)

Figure7: Theory of Change diagram tailored to the Budapest Living Lab.

Assumptions apply generally across the entire diagram.
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Outcomes

The co-production process has
enabled effective collaboration
between local authorities,
citizens, and experts, resulting in
climate services that are directly
relevant to the needs of
Budapest's urban heat
challenges.

Citizens, policymakers, and
urban planners in Budapest
have improved knowledge of
the urban heat island effect and
available adaptation strategies.
Actionable UHI knowledge for
locals:

Cityzcan dashboard help
residents and health officers set
up pop-up cooling points during

the next heat period.

The urban heat mapping data
and tools (CityZcan sensor hub,
heat viewers and analysis scripts,
GIS platform of Budapest LL)
developed in Budapest can be
adopted by other European cities
and climate service providers,
expanding the impact of the
project across the EU

Ata later stage, Budapest's urban
heat mapping can integrate data
from global sources such as
Copernicus and GEOSS.

The pre-operational climate
services developed through the
Budapest Living Lab can be used

by local planners and decision-
makers to guide infrastructure
development and heat mitigation
strategies.

Impacts

Citizens, local authorities, and
stakeholders in Budapest are
better equipped to respond to
urban heat risks. The urban
heat island mapping project
helps inform their decisions,
allowing them to implement
strategies such as creating
green spaces, adjusting urban
infrastructure, and adopting
heat-mitigation measures. This
leads to enhanced resilience
against future extreme heat
events in vulnerable areas of the
city.

Stronger climate-service
sector: Deploying the co-
developed mapping tools boosts
the technical capacity and market
standing of Budapest-based
climate-service providers by
proving their value in real-world
planning.

Policy-ready citizen data: A
growing citizen-science network
feeds high-resolution sensor and
drone data into the National
Meteorological Service's open
portal, giving planners block-level
evidence for heat-related
decisions.

Economic relief: Insights from
the platform guide more efficient
urban-cooling strategies that cut
energy use and reduce heat-
related healthcare costs, easing
the city's financial burden during
extreme-heat periods.

Higher climate literacy: Open
access to the mapping platform
and the cooperative board game
elevates public understanding of
heat risks and encourages
proactive behaviour city-wide.



3.2.5 Crete, Greece
The ToC diagram for the Crete LLsisown inFigure8, 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 aageshin 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-cutgsy

sectors in the island ofCrete; 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). Addifipbath scientific

and local data and knowledge (e.g. historical measurements and data, decision thresholds, empirical
processes, current workflowgssessmentsand impact studies etc) are required, in addition to technical
resources and tools to facilitathe development of CS.

3.2.5.2 Activities

Activities in {CISK are directly linked to the-coeation process and apply a range of approaches to engage
stakeholders such as workshop&-1 videocalls, sharing of material and haraisproduct testing. Within tis
stage, stakeholders are engaged in the: (aggploration of user needs, where maturity over CS availability
and potential as well as awareness over CC threats is built, {ldentfication of adaptation strategies and
co-development of climate dataral knowledge through discussions and the implementation of a deeision
timeline exercise, (c) edesign and cevaluation of usecentred CS, based mainly on supported and free
exploration of preoperational CS and evaluation of interface as well as dismus® the collected feedback
and its interpretation and finally (d) edelivery of a usecentred CS, supplemented by theidentification of

the value proposition of the developed CS and thedewelopment of business stofines to support
preliminarypotential for business development.

3.2.5.3 Outputs

A key output for {CISK is producing preoperational CS that can be used in the LL.Qreted _La series of
services have been developed and are available iroparational phase, to support the tourism sectThese
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 forecastd 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 longterm planning and funding requests.

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

1 guidance for the development of humamntred CS that enhances understanding of adaptation
processes and centres the sustainable use of CS,

9 capacity building of stakeholders regard 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
stakeholabrs at the above thematics, in order to ensure a uniform and efficient input at the phased of
co-designing the CS,

1 Dbusiness storylines to identify preliminary potential for business development based on the next
generation of CS, as well as a tiered apptoamethodology for developing these storylines.
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1 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

1 new T and scientific tools to support further use and exploitation of available Climate Data and related
products.

Assumptions

Here we assume that the exreation process will be inclusiaad timemanaged, 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 thet be
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 developedt8KIto not only further
develm 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:

1 an improved Water Management on the island of Crete which will ensure suffigeer availability
for all uses during the summer, futuristic season (Maigbptember) 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 qualistatus of the water resources in the future,

1 a betterinformed planning and decision making (operational decisions for gbart planning, 1 to
4 months ahead) regarding port management of traffic and minimizing some of the maintenance
costs. Additiondy, an improvement of the lonterm planning of protective works (180 years),

1 an improved preparedness of the maintenance of road network, with regard to landskted
damages,

1 better informed decisions for maintenance works (during low touristigsen) and outdoor activities
(during high touristic season) planning in the tourism sector and

9 anincrease of the scientific capacity (viability, knowledge capacity) of the business sector (referring to
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Assumptions

For this to happen, we assume that the products developed as parCBK 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 poduces 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 walformed to understand, process, and use climate
information in decisiormaking. Further, a specific to the Crete LL anticipated impact is that the Tourism sector
will increase its climate resilience and viabilitysaihgh the increase of climate resilience of the main, cross
cutting sectors (water, port, road network, touristic acamodation) which are empowered to adapt their
livelihoods to climate change both in the short and long term. An additional impact isighrbis process of

CS development and nevpportunities related to this development, the improvement of the institutional and
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market position of relevant CS purveypmcludingSmall and Mediursized Enterprise(SME}and sector
organizations.

Assumptians

Here, we make the assumption that the CS produced would be used, upscaled, and effective in supporting
decisionmaking. For this to happen, we further assume that the value produced is enough to support the
incorporation of the new CSs in workflows atht stakeholders' will to change the way they work and
incorporate new workflows, which include new CS, is strong and persistent.
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Assumptions

Inputs

-

stakeholders:
- Tourism
- Accommodation
- Water Management

- Transportation (Roads, Ports)
- Development company

- EMVIS (knowledge purveyor, business)

- Academia: Technical uni of Crete
- Municipality

Tools and models
case-specific management tools

Existing adaptation options

Existing scientific and local knowledge)

Existing scientific and local data

CC assessments and impact studies,
sector and case specific

Decision processes that require climate
information for all sectors

1. Committed stakeholders with the right skills are involved in the living labs and consortium to carry out the process
2. The processes of co-creation are inclusive and time managed

3. The data necessary for the development of climate services are available

4. The climate services developed are tailored and fit for purpose, and well understood by end users

5. The climate services produced are affordable

6. The climate services produced are used, upscaled and effective in supporting decision making

7. Stakeholders trust climate service (are included in decision making)

Activities Outputs

Co-exploration of social,
behavioural and design factors
influencing adoption (WP 1,2):
workshops including all MAP
members, 1-1 videocalls, sharing of

material

Assessment of the human-
climate feedback mechanisms at
different spatial-temporal scale
(WP 4): co-operation among
different teams and WPs (web
meetings) and comunication of
information to MAP members
(mainly calls)

Guidelines for co-designing next-
generation human-centred climate
services

Capacity building of stakeholders
(including knowledge purveyors):
S availability, potential for decision
making, incorporation in workflows

Business models for sustainable
operation and up-scaling of the
next generation of CS

Initial framework for co-designing
€S including social and
behavioural factors (WP 2)

Pre-operational Climate
Services for use in seven living
labs: seasonal hydrological
forecasts for water managers,
seasonal forecasts of tailored
climatic indexes for tourism and
transport sector - decadal

s exploitation and dissemination,
policy outreach, and capacity
building (WP 6)

Business development to assure

S

Figure8: Theory of Change diagram tailored to the Crete Living Lab.

future commercial exploitation
(WP 5): 1-1 interviews with
stakeholders from different sectors,
assessments of the value chain

projections

New CS products that integrate
scientific and local knowledge:
surface water flows for
predefined period with
estimates for more than 10
months ahead, seasonal
forecasts of specific wind

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

Outcomes

Water sector improves water
management to ensure there is
sufficient water for all uses during
the summer, dry, tourist season
(March- September), supporting
water safety for the rest of the
year

Port sector improves (short
term, 3/4 months) planning and
decision making about port
traffic during tourist season

Port sector improves long term
(10-20 yrs) planning of protective
works

Road network sector improves
preparedness of maintenance
works with regards to landslides

’Accommodation sector improves
planning of maintenance works
(off season, but evading extreme
weather events)

Knowledge purveyors (business
sector) increase scientific capacity
and improves business potential

8. 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

9. CS produces value for each sector involved
10. The value produced is enough to support incorporation of the new CSs in workflows
11. The CS produces value for each sector involved
12. The value produced is enough to support incorporation of the new CSs in workflows

13. Stakeholders' will to change the way they work and incorporate new workflows which include new CS is strong and persistent

Crete tourism sector (and
affiliated, cross-cuting sectors:
Water, port, road network,
accomodation) are
empowered to adapt their
livelihoods to climate change
both in the short and long.
term, thereby increasing their
climate resilience.

The CS purveyors, including

SMES and sector organisations,

improve their institutional and
market position

Co-identification of local thresholds and directions,
knowledge and co-creation of tailored climatic indexes for
tailored climate information suitability of outdoor activities,
including local knowledge and | _| landslide potential and others
scientific data (WP 1,2,3): web-
calls, 1-1 interviews with Tools, front and back end, able
stakehalqgrs f(am dlﬁerentvsecturs, to ingest from (public)
decision timeline exercises Copernicus or popular EOBS
format of forecasts (or private
Co-design and co-evaluation of supplied forecasts) and
pre-operational CS interface and adaptable to create new CS -
visualisation (WP 1,3,5): 1-1 web- these are demonstrated in the
calls, exploration of pre- (=t pre-operational CS for the Crete
operational CS and evaluation of Island
interface and presentation of
information - feedback collection
- @

Where appropriate, assumptis are linked to specific steps; other assumptions apply generally across the entire diagram.
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3.2.6 Alazani river basirGeorgia
The ToCdiagram for theAlazaniLLis shown inFigure9, with the corresponding narrativerovided in the
following paragraphs.

3.2.6.1 Inputs

dimate servicg, hydromet and meteorological services, in Georgia are still in their early stages of
development. Tailoredervices are only available specific sectorandstakeholders, 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 countryhe 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 Developmentdakonn
Georgian Farmers Association, and local NGOs). In addition to including key stakeholders, we identified
synergies with other ongoing projeatsfor example, the MultHazard Early Warning Systems projecthzy

United Nations Development ProgramnfgNDP)¢ and strategic gaps that may exishich I-CISK auld
leverage. Developing CS to support drought risk management is a key priority for Georgia in thelddazani
basin, thereby defining the larger context within which th@lEK project will opate.

3.2.6.2 Activities

Effective CS require a participatory and inclusive approach to ensure they meet the needs of diverse
stakeholders. Within the CISK project, this is enabled through the implementation ofereation approach.

The cacreation framework lgs the foundation for CS, which is usentred and contextually relevant. &h
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 casbef3eorgian 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 decisiomaking processes. This step strengthens the demand

for CS and enhances their perceived value. Following cagagitying sessions, the interactions with the MAP
closely follow the steps outlined in trem-creation framework. Iteratively, the MAP members are engaged in
ideation and ceexploration to capture the knowledge, priorities, and decisimaking processes of local
communities and relevant stakeholders. Participatory methods (focus group distsissiterviews, 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
challengesFollowing that, stakeholders also collaborate to design and test-®@peegational CS interface and
visualisation tools. This iterative process allows for feedback and refinements, ensuring that the services are
userfriendly, intuitive, and meet the spdai needs of different user groups. Evaluation mechanisms are
embedded to assess the effectiveness and usability of the CS befesedldlimplementation. To maximise
impact, options for sustaining and scaling CS are continually explored. This indewkdying institutional
support mechanisms and policy integration opportunities. In the case of the Georgian LL, sustainability
opportunities are explored witlthe National Environmental AgencMEA, the Rural Development Agency
(RDA and Georgian Amelration. Planning for longerm sustainability is crucial for broader applicability; CS
can be expanded to reach more users and continue providing valuable insights for €fifoateed decision
making.

3.2.6.3 Outputs

One of the key outputs of the@ISK projecsia framework of c@reation guidelines to inform the design of

next-generation CS. These guidelines encapsulate best practices-flas@ming humaitentered CS. On an
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LL level, interventions associated with capacity buildi#ago improved awareness ahunderstanding of CS

and its application among end users. This enhanced knowledge helped foster confidence in integrating CS into
policy, planning, and operational decisiaraking. The use of participatory methods, like decision timelines,
enabled a deepeunderstanding of decisiemaking processes and usgpecific risks and needs. Pathways for
sustainability were explored to ensure the lotegm viability and scalability of CS. In the Georgian LL, this
meant engaging with key institutional stakeholdepsunderstand 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 assumpti@isvere made to ensure the feasibility

of the cacreation 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 colldfiite e
successfully capture the full scale of information, and the@ation process leads to effective mediation of
the goals and interests of different CS users such that theopegational CS is viewed as legitimate by all
members of the MAP.

3.2.6.4 Outcomes

Implementing the {CISK project in the Alazaori LL can lead to several key outcomes that drive meaningful
change in how CS is conceptualised and designed, their role in dewialang and the use of climate data to
empower citizens to cope and adagbne of the project's key outcomes is the broader adoption of the co
creation methodology developed bydISK in future CS projects by CS providers to design and implement
effective, useicentred CS. This ensures that CS remains participatory, respoasivegligned with local
needs. Furthermore, the preperational CS developed ByCISK are adopted by national stakeholders to
inform their workflows and are disseminated even beyond the project's lifespan. Moreover, the developed
droughtrelated CS are fdctively integrated into decisiemaking 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 aptibimese outcomes extend beyond
the project, raising awareness among stakeholders and fostering-teong resilience and informed
adaptation planning. On a national level, engagement wiith3K projects and its partners also leads to greater
exploitationof data and information from international climate monitoring programs such as the Copernicus
Programme andhe Global Earth Observation System of Systé@isOSSas well as other global initiatives.

Assumptions

Again, achieving these outcomes dependskey conditions being met that are assumed during the project
implementation. For instance, the broader adoption of theareation framework within the LL depends on
whether the framework is culturally sensitive and endorsed by local stakeholders aradlifstakeholders
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 develop&di iy Is
perceived as salient to the mds of end users and whether national entities have sufficient technical capacity
and resources to make piaperational services operational. Finally, the use of CS for desisaiing by
different enduser groups (within and outside the Alazamii basir) 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 significarielomgmpacts, strengtheninpcal and
national capacities to adapt to drought and water scarcity. These impacts build climate resilience, ensure
informed decisiormaking, and integrate CS into policy and practice. With this in mind, the
overarchingaim of the Alazaniori LLwasto create awareness abouthe CSandits 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 involviugdrand 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 manageent policies enhances institutional capacity to respond to climate risks.
Governments and relevant agencies are better prepared to developdiatan strategies, implement early
warning systems, and establish letegm drought mitigation plans. This cailiutes 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 ééctively 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 reliestbher assumption that CS developed within the project

are successfully embedded into national drought management policies and instruments. This requires
institutional buyin, policy alignment, and sustained engagement with governmental and regulatory bodies.
Without these conditions, CS' lostgrm integration and sustainability may be limited.
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Figure9: Theory of Change diagram tailored to the Alazani Living Lab.
Where appropriate, assumptions are linked to specific steps; otharmaptions apply generally across the entire diagram.
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