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Glossary

Backend In software development, the backend refers to the server-side infrastructure that handles
data services, logic, and communication, enabling an application to function properly

Climate impacts The consequences of realized risks on natural and human systems, where risks result from
the interactions of climate-related hazards (including extreme weather and climate events),
exposure, and vulnerability. Impacts generally refer to effects on lives; livelihoods; health
and well-being; ecosystems and species; economic, social and cultural assets; services (in-
cluding ecosystem services); and infrastructure - based on (IPCC, 2018)

Frontend In software development, a frontend describes the (usually) graphical interface that a user
sees when interacting with an application

GANTT chart Project management tool that visualizes tasks against a timeline

KNOWING | Deliverable D4.7 | WP4 | Final Vi



KN(%\?V@%NG

Executive summary

Deliverable D4.7 “KNOWING Decision Support Service (DSS)” presents the final implementation of the
KNOWING DSS, a web-based decision support tool designed to assist policymakers in identifying locally ap-
propriate climate change mitigation and adaptation pathways across different Climate Impact Contexts (CICs).
The DSS translates complex scientific outputs from the KNOWING project into an accessible, interactive envi-
ronment that supports evidence-based regional decision-making.

The DSS is a key output of Task T4.3 (Develop Climate Activation & Empowerment Services) and contributes
to KER4 - Climate Activation and Empowerment Services. It builds on two main project components: the
KNOWING Knowledge Base (KNOWING consortium, 2026), which provides structured pathway information,
and WP3 modelling results, which deliver CIC-specific pathway and regional similarity data (KNOWING
consortium, 2026b). By integrating these components, the DSS enables users to explore how well European
regions align with selected demonstrator contexts and to identify relevant climate response options.

The system is implemented as a web-based application with three core components: a user-facing front-end,
a WP3 data service providing regional similarity metrics, and the WP1 Knowledge Base containing pathway
and intervention data. Together, these components enable a structured workflow starting from region selection,
followed by assessment of similarity to predefined CICs, and concluding with exploration of adaptation and
mitigation pathways.

The DSS delivers three main value propositions. First, it supports informed policy design by translating sci-
entific results into actionable, region-specific insights. Second, it enhances transparency and usability of
project results through interactive exploration tools. Third, it provides a foundation for knowledge reuse
and future extension of climate services beyond the project.

While the DSS demonstrates the feasibility of integrating climate knowledge into operational decision support,
its current version remains a prototype. Key limitations include constrained data availability and the absence
of pathway customisation functionality. These constraints are further discussed in section 6 of this document
and should be addressed in exploitation phase to fully unlock the system’s potential for policy application.

Looking ahead, the DSS provides a scalable foundation for further development of climate services in Europe.
Future enhancements may include improved data standardisation, advanced pathway adaptation capabilities,
and the integration of emerging methods such as generative Al for knowledge extraction and system expan-
sion.

Overall, the KNOWING DSS represents an important step towards operationalising climate science for policy
use, supporting more informed, context-sensitive decisions aligned with the objectives of the European Green
Deal and climate neutrality goals.

KNOWING | Deliverable D4.7 | WP4 | Final 1
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1 KNOWING summary

Climate change has been globally recognised as an existential threat requiring urgent action to avoid cata-
strophic consequences. Hence, the EU’s Green Deal has been launched “to make Europe the first climate
neutral continent in the world”. This includes not only the elimination of net emissions of greenhouse gases by
2050; this is to be achieved while decoupling economic growth from resource use and striving for a fair imple-
mentation, leaving no person and no place behind. This ambitious goal is additionally challenged by the need
to adapt to unavoidable impacts.

According to the EU’s Climate Adaptation Strategy (COM(2021) 82), “improving knowledge and managing
uncertainty” is key for realising the vision of a climate neutral and climate-resilient Union, as “Climate change
is having such a pervasive impact that our response to it must be systemic”. Thus, there is an urgent need for
an integrated approach for enhanced understanding of the interaction, complementarity and trade-offs
between adaptation and mitigation measures, especially regarding the expected increase in regional mean
temperature, changing precipitation pattern and soil moisture (IPCC AR6 WG ). Furthermore, this understand-
ing and knowledge needs to be provided to a broad audience to support local authorities in EU countries
for developing regional programmes.

KNOWING aims to develop a modelling framework to help understand and quantify the interactions
between impacts and risks of climate change, mitigation pathways and adaptation strategies. The frame-
work will be used to assess the interrelations between public and private adaptation and mitigation
strategies in order to identify mitigation pathways along optimised combinations of interventions
in different sectors (e.g. energy, mobility, land use, construction, agriculture). The framework will focus
on three main Climate Impact Contexts (CICs): (1) Heat waves & health, (2) Soil fertility & agriculture,
and (3) Flooding & infrastructure (including river and coastal flooding). It be applied in four Demonstra-
tor and five Follower Regions by involving authorities, stakeholders and citizens to develop en-
hanced activation and empowerment services, providing target-group-specific awareness, edu-
cation and decision support tools to improve the comprehensibility of complex interrelations and sup-
port strategic planning of combined adaptation and mitigation measures.

To achieve this goal, KNOWING will produce the following key exploitable results (KERs):

KER1 an Impact Interaction Knowledge Base comprising causal relations of climate and intervention im-
pacts, rebound effects, coping strategies, etc. to inform Climate-ADAPT and IPCC Working Groups
[ &I

KER2 an Impact Interaction Model Framework consisting of a system dynamics model, climate and sec-
tor models for integrated assessment of impacts (direct and indirect) of climate change and counter-
measures.

KER3 a Typology of transferable Climate Mitigation Pathways including optimised bundles of adaptation
and mitigation measures for different typical Climate Impact Contexts (heat waves, soil fertility, flood-
ing).

KER4 Climate Activation and Empowerment Services addressing different target groups (citizens, busi-
nesses, authorities) to enhance climate literacy, provide playful trainings and support decision mak-
ing.

These results, developed with the support of an External Expert Advisory Board (EEAB) and a Stakeholder
Reference Group (SRG), will accelerate the transition to a climate-neutral and resilient society and econ-
omy enabled through advanced climate science, mitigation and adaptation pathways and behavioural trans-
formations.

This Deliverable is part of WP4 — Establish communication & collaboration channels — and documents the
design concept of the web-based Decision Support Service (DSS), which is being developed by task T4.3. The
DSS will help decision makers identify appropriate pathways for their regions.

KNOWING | Deliverable D4.7 | WP4 | Final 2
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2 Object of the deliverable

This deliverable presents the “beta” release of the KNOWING DSS, a functional demonstrator
that integrates the available data and core functionalities that were achievable within the pro-
ject scope, demonstrates the system’s potential and provides policymakers with a practical
tool for exploring Climate Impact Contexts (CICs) and region-specific pathways.

The DSS aims to serve as an easily accessible, web-based tool that integrates adaptation/mitigation pathway
data from the Knowledge Base to support decision-making processes. It aligns with the broader goals of the
KNOWING project by empowering stakeholders to make informed decisions in addressing climate challenges.

Deliverable provides an overview of DSS design, functionality, and system architecture (Section 4), a
step-by-step tutorial for using the tool (Section 5) to assist decision makers in identifying locally appropriate
climate mitigation and adaptation pathways based on regional characteristics and Climate Impact Contexts
(CICs), and a discussion of lessons learnt and recommendation for further developments beyond the pro-
ject’s end (Section 6, Annex C).

2.1 Results and expected impacts

The expected results of this deliverable include a clear understanding of the DSS’s role in the KNOWING project,
its workflow(s), and the process that has led to the current application implementation. DSS will have several
key impacts:

e Empowering Policymakers: By providing a tailored tool that allows users to explore and select suita-
ble pathways fitting the characteristics of their region, the DSS is expected to enhance their ability to
make informed decisions.

e Contribution to Key Exploitable Results: By supporting decision making the DSS addresses KER4 -
Climate Activation and Empowerment Services. The application is expected to drive meaningful cli-
mate action by offering actionable insights into mitigation and adaptation path- ways.

o Exploitation Potential: The DSS will also offer significant exploitation potential, particularly in WP5,
which focuses on dissemination, exploitation, and communication. By showcasing a tangible applica-
tion of KNOWING’s research, the DSS can be leveraged as a service offering, potentially extending its
impact beyond the project's scope.

2.2 Relation to other work

The development of the DSS is closely linked to several other work packages and tasks within the KNOWING
project. First and foremost, it is reliant on WP3 — Model CIC-specific Demonstrator Pathways, which is respon-
sible for defining and delivering the pathways that the DSS uses to guide decision-making. These pathways in-
clude the key information necessary for building the DSS: CICs with their relevant hazards, sectors and risks,
recommended mitigation/and- adaptation measures, and timelines for implementation. WP3 also provides the
similarity metrices used to estimate the relationship of abstract CICs and concrete European regions, which is
used to indicate the relevance of KNOWING recommendation for concrete European regions within DSS.

Additionally, the DSS is connected to task T1.4 — Create Climate Interaction Knowledge Base, which provides
the Knowledge Base application, a central repository of climate knowledge, including pathway information
(KNOWING consortium, 2026). The successful integration of the Knowledge Base is essential to ensure that
the DSS can retrieve the necessary data to provide proper assistance to its users.

KNOWING | Deliverable D4.7 | WP4 | Final 3
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3 Introduction

The Decision Support Service (DSS) prototype , which was developed under task T4.3 of the KNOWING
project and serves a critical role in helping policymakers identify locally appropriate mitigation and adaptation
pathways in relation to Climate Impact Contexts (CICs). The aim is to make the CIC-specific recommendations
easier to grasp for regional decision makers in the KNOWING Case Study (CS) regions and beyond them, thus ena-
bling them to make informed choices on pathways and individual actions to implement in their regions.

The purpose of this deliverable is to document the KNOWING DSS implementation, as well as the lessons learnt
in this development and ideas for further developments. The DSS is intended to be used by policymakers and
other authorities to explore, assess, and compare different mitigation and adaptation pathways, considering lo-
cal contexts. For that it leverages the Climate Impact Knowledge Base (KER1) developed by WP1 as the central
data repository and the Climate Mitigation Pathways (KER3) provided in WP3 as the primary elements for
guiding the decision support.

The DSS is designed to address several key requirements:

e Support for Policy and Planning: the DSS provides actionable insights based on the output of the
project. It discloses details on both the Domain-specific and the overarching System Dynamic models
that were developed in the project, along with detailed presentation of the pathways and recommended
interventions.

e User-Friendly and Interactive: a core requirement of the DSS is to be intuitive and easy to use through
its user interface. The system allows the users to explore pathways developed in the project, while ex-
posing relationships and offering contextual help and descriptions as needed.

e Provide Guidance in Finding Pathways: while the pathways provided by the project are generalised and
linked to a specific CIC, the DSS helps the users to establish a relation between European regions and
CICs and to understand to what extent the proposed measures are relevant and applicable for the
region(s) they are interested in.

This deliverable documents the implemented beta version' of the DSS service, focusing on its technical design,
functionalities, and its advantages for policymakers in their decision-making process. It also discusses the short-
comings of the current implementation and provides an outlook on the potential use of such a DSS beyond the
project’s lifespan.

Ultimately, the DSS contributes to one of KNOWING key exploitable results (KER4), offering a web-based
service that assists policymakers in addressing climate challenges in their regions by supporting informed de-
cision making.

1 beta™ in terms of code maturity, ,final” in terms of the work performed in this project.
KNOWING | Deliverable D4.7 | WP4 | Final 4



4 System design

4.1 High level architecture

The Decision Support Service for the KNOWING project is designed as a web-based application consisting of
two primary components deployed within the KNOWING-DSS system boundary: a Frontend GUI and a
Backend Data-Service (Figure 1). Its target audience are technical experts and decision-makers and policy-
makers, so a certain level of expert knowledge can be expected from the end-users.

Decision & policy maker
[End-user]

Person trying to idenfify suitable pathways

dCCESZET

DSS Frontend
[Angular 18]

Graphical user interface of the DSS
Apolio Angular - Cyloscape - Leaflet - PrimeMG

D55 Backend / Data-Service
[NestIS]

Backend service of the D55
Apollo GraphQl Server - @neodjigraphgl - REST

I
I
|
I
I
|
I
I
|
|
I
1 GraphQL + REST requests
|
I
|
|
I
|
|
I
|
|
I
|

KNOWING-DSS [Software System].. -~ - H R

Postgre SQL

[Relational Dalabase]

[OGC Geospalial Server]
Map file & spafial query
services (WIMSMWFS)
PosiGIS-backed

KNOWING Transferability
Database
(region-evel scores & data)

Figure 1: Architecture diagram of the DSS.

Frontend — The user interface is built using Angular, ensuring a responsive and interactive experience for
users accessing the DSS via a web browser. This component manages all user interactions, including region
selection, pathway filtering, full-text search, and pathway visualization. The frontend communicates with the
backend to fetch relevant data and present it in a user-friendly manner. The frontend's visual appearance is
adjusted to the overall KNOWING theme — colours, fonts, and icons — to match the appearance of other tools
and services developed as part of the KNOWING project, such as the KNOWING App and the Climate Impact
Knowledge Base.
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Backend Data-Service — The backend consists of a data service responsible for retrieving data from the un-
derlying data sources and delivering it to the frontend. It connects directly to the KNOWING Knowledge Base
— a graph database relating the Climate Impact Contexts, pathways, and related domain knowledge
(KNOWING consortium, 2026) — and queries it on demand as users interact with the DSS. In addition, the
backend provides access to a relational geospatial database holding the KNOWING Transferability Database
(covering the whole European territory using NUTS and LAU administrative units), as well as a geospatial ser-
vice that supplies the interactive map layers used throughout the application.

This separation between the frontend and backend ensures the DSS remains lightweight and focused on the
user experience, while the backend efficiently handles all data retrieval, transformation, and file serving.

4.2 Main elements

The central elements of the DSS are the four KNOWING demonstrator regions - South Westphalia, Tallinn,
Naples, and Granollers - each representing a distinct regional archetype: agricultural, urban, coastal, and river,
respectively. These demonstrators serve as the backbone of the system, providing concrete, real-world exam-
ples of long-term climate adaptation and mitigation pathways that users can explore and compare against their
own regional context.

When entering the DSS, users can optionally search for their own region, selectable down to the local admin-
istrative level (LAU, level 4). If a region has been selected and similarity scores are available in the Transfera-
bility Database, the DSS displays how closely that region resembles each of the four demonstrator archetypes,
helping users decide which demonstrator pathway is most relevant to their context. Users can then choose a
demonstrator to explore in depth, viewing the corresponding pathway: a structured, long-term plan outlining
interventions, milestones, and expected outcomes up to 2050. The pathway can be explored through an inter-
active timeline, complemented by impact chains that link climate hazards to risks and adaptation responses.

As an alternative entry point, the DSS offers an Explore mode that allows users to navigate the KNOWING
Knowledge Base directly, independent of a specific region or demonstrator. Starting from a Climate Impact
Context, users can step through the associated hazard drivers, climate risks, and — finally — the full set of
adaptation measures, mitigation measures, and cascading impacts that the KNOWING project has identified
for that context (based on KNOWING deliverables D1.1 and D1.2). This mode is particularly valuable for users
who want to understand the broader landscape of climate responses available within a given CIC, drawing
directly on the structured knowledge compiled by WP1.

Beyond the guided workflow, the DSS also provides access to the full body of KNOWING project deliverables
via a search function and document viewer, enabling users to explore the scientific and technical background
behind the pathways and findings.

In summary, the DSS brings together demonstrator pathways, regional archetypes, CICs, and project
knowledge into a single, accessible interface that guides users from region identification to concrete climate
action options.

4.3 Interactions with other KNOWING tools and services

The DSS retrieves all its data from three sources, all of which are accessed in read-only mode — the DSS does
not write to, modify, or add data to any of them.

The primary data source is the KNOWING Knowledge Base, from which the DSS retrieves all information
about regions, Climate Impact Contexts, pathways, adaptation and mitigation measures, impact chains, and
project deliverables. The KNOWING Transferability Database provides the precomputed similarity scores
that allow the DSS to compare a user's region against the four demonstrators, as well as the geographic bound-
aries used to display regions on the map. Finally, a GeoServer instance supplies the interactive map tile layers
shown throughout the application.

KNOWING | Deliverable D4.7 | WP4 | Final 6
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The DSS does not expose its own data to other applications — it functions purely as a presentation and explo-
ration layer on top of the existing KNOWING data infrastructure. Correspondingly, any navigation or filtering a
user performs within the DSS is session-based and leaves no persistent trace in any of the underlying systems.

4.4 Data access control

The DSS does not implement user authentication or access control. All data displayed — regions, Climate
Impact Contexts, pathways, measures, and project deliverables — is non-sensitive project output that is in-
tended to be publicly accessible. Users can access the DSS directly via their browser without registration or
login.

Should the scope of the DSS evolve to include restricted or sensitive content, the architecture is sufficiently
modular to accommodate an authentication layer at a later stage, for example via an established solution such
as Keycloak or an existing SSO provider.

KNOWING | Deliverable D4.7 | WP4 | Final 7
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5 DSS prototype

The DSS, hosted at https://climate-dss.ait.ac.at/, offers two main workflows, as illustrated in Figure 2.

Know Your

Explore European demonstrator pathways and climate adaptation measures

across four regions and climate impact contexts.

Explore by Region Explore by Climate Goal
Select your region type and climate context. The DSS Browse adaptation measures and interventions by climate
matches you to the most relevant KNOWING demonstrator impact context — without selecting a region type first.

and their adaptation pathway. e Coastal Flooding

Regiontype  Climate context ® River Flooding
# Heat & Health

* Soil & Agriculture

Figure 2: KNOWING DSS application - landing page

o “Explore by region” (section 5.1) is the main user journey workflow, designed to assist policymakers
in identifying the most relevant pathways and learn about the way these pathways were developed and
about their potential transferability to the region of their interest. It serves as entry port into DSS dash-
board (section 5.2), which implements most of the DSS functionality.

o “Explore by climate goal” (section 5.4) is the secondary user journey workflow, designed to assist
the users in exploring the relations between Climate Impact Contexts (CICs), hazards, sectors, risks
and various actions and considerations related to these risks — including the adaptation measures (in-
terventions), opportunities and cascading impacts of interventions.

While developing the D4.6 deliverable, a -mockup was sketched for each DSS workflow step, highlighting how
they could be visually presented to the end-users of the service. These mockups were used for further discus-
sions with the project’s scientific team and stakeholders during the development process of the DSS, resulting
in an updated set of mockups that are presented in Annex C and the final KNOWING DSS application prototype
that is presented hereafter.

KNOWING | Deliverable D4.7 | WP4 | Final 8
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5.1 Explore by region workflow

This DSS workflow is triggered by choosing the “explore by region” option in Figure 2 and accessible at
https://climate-dss.ait.ac.at/wizard/region.

The first step in the workflow is selection of region of interest. Initially, we intended to let users specify charac-
teristics of their region, as illustrated in Figure 3.

KNS\?V%?NG Decision Support Service

Please select the characteristics which describe your region best. Based on your selection, you
will get a list of available regions and how well they fit your described region.

Climatic properties: Characteristic Characteristic Characteristic Characteristic Characteristic

Socio-economic properties: Characteristic Characteristic Characteristic Characteristic Characteristic

Geophysical properties: Characteristic Characteristic Ch isti Ch it Characteristic
Region Compatibility

Search for appropriate
River Regions Bk region/CIC. User describes
Coastal Regions 70% region and DSS tries to
match it to the

Urber Regiaps 4% ClCs/pathways (Note: exact
Agricultural Regions 0% way depends on outcomes

from T3.5

Figure 3: DSS mockup: Defining regional characteristics (from D4.6)

Implemented service improves upon this idea by letting the users choose a NUTS or LAU region they are
interested in and fetching automatically the relevant similarity scorings and indicators from a backend server.
As illustrated in Figure 4, current implementation of this feature requires the user to know the local names of
NUTS or LAU regions. Once a target region is selected the system automatically identifies the Climate Impact
Contexts (CICs) for which that region is eligible, applying a set of pre-tier eligibility gates (i.e., a filtering mech-
anism) that exclude structurally incompatible comparisons. For each eligible CIC, the DSS then retrieves pre-
computed similarity scores comparing the target region against each KNOWING demonstrator. These scores
are derived from the Four-Tier Weighted Similarity Framework developed as part of deliverable D3.6 Pathways
Generalisation (KNOWING consortium, 2026b), which combines more than sixty indicators across four the-
matic dimensions: environmental and biophysical conditions (Tier 1, 40% weight), CIC-specific domain factors
(Tier 2, 25% weight), implementation feasibility (Tier 3, 15% weight), and other contextual infrastructure and
demographic factors (Tier 4, 20% weight).

Distances between the target and demonstrator profiles are computed using the Gower distance method,
which accommodates the mixed data types present in the indicator set (i.e., continuous, categorical, ordinal,
and compositional)and produces a composite similarity score on a 0-100 scale. The composite score is then
presented to the user, to help them decide which of the four contexts may be worth of further exploration
(Figure 5).
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STEP 1 OF 2
Where is your region?
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Turku
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Figure 4: DSS wizard step 1 - indicating the region of interest.

As shown in Table 1, between 8.1% and 23.1% of the approximately 15,000 European NUTS3 regions are
classified as “very similar” to one of our demonstrator regions. In contrast, 65% of NUTS3 regions are

excluded a priori from comparison with the Coastal Flooding & Infrastructure CIS because they are inland
regions with no coastal exposure.

Warning: Similarity calculations are highly sensitive to the choice of regional aggregation level (LAU vs.
NUTS3). At the LAU level (approximately 98,000 regions), 90% of regions are classified as inland. Conse-
quently, only 1.6% of LAU regions are considered very similar to the Coastal Flood CIC. In contrast, for the
Agriculture and Forestry CIC, the share of “very similar” LAU regions rises to 27%, whereas it approximately
halves for the River Flood CIC and Urban Heat CIC, to 11.5% and 10.5% of LAU regions, respectively.

Table 1: percentage of NUTS3 regions considered "very similar”, "similar" or "moderately similar" to
KNOWING demonstrators.

CiCc Demonstrator Very sim. | Similar | Moderate  Ineligible
(>=80) (60-79) | (40-59)
Agriculture & Forestry Sudwestpfalz (NUTS3) 231% @ 76.1% 0.7% -
Coastal Flooding & Infrastructure Comune di  Napoli 12.4% i 21.4% 0.7% 65.4%
(LAU)
Coastal Flooding & Infrastructure Napoli (NUTS3) 8.1% | 26.1% 0.3% 65.5%
River Flooding & Infrastructure Granollers (LAU) 224% @ 71.9% 5.3% -
Urban Heat & Health Tallin (LAU) 234% i 66.5% 10.0% -
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What type of region are you in?

Select the archetype that best describes your region's geographic character.

This matches you to the most relevant demonstrator regions and climate

pathways.

et
-
===

Coastal Region

Regions with direct exposure to sea-level rise,
coastal floeding, storm surges, and salbwater
ntrusion affecting infrastructure and

communities.

Maples

% 530

Urban Region

L

River Region

Regions along river systems facing fluvial
flooding, altered precipitation patterns, and

rizks to water infrastructure and riparian

Granollers

Q‘l'

Agricultural Region

Dense urban areas facing urban heat islands, Regions with significant agricultural land use
surface water flooding, high energy demand, facing soil degradation, drought, alterad
and complex mobility and public health growing seasons, and land-use change
CNaleEnges. pressures.

Tallinn South Westphalia

2T0% High 40-65% Medium =40% Low

Figure 5: DSS step 2 — regional archetypes with similarity scores.

5.2 DSS dashboard

Once the archetype region has been selected, the user is immediately transferred to the main DSS dashboard
at https://climate-knowledge.ait.ac.at/dashboard and presented with an overview of a relevant KNOWING de-
monstrator (Figure 6). This page provides summaries of regional profile and regional pathway, and a short
discussion of the modelling outcomes, transferability, exploitable service needs, and uptake of the project re-
sults by the local hub.

In addition to demonstrator overview, the dashboard features the following main elements: “pathways and
interventions”, “impact chains”, “region comparison”, “similarity map”, “Domain modelling”, “SD re-
sults”, “search” and a possibility to change the “context” (“edit selection”).

Choosing to change the context brings the user back to the Figure 5. Remaining DSS dashboard features will
be discussed hereafter.
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o2 PATHWAY & INTERVENTIONS

KNSHiING % oEs

s urban Region

CONTEXT B Heat & Health  Edit o )

Tallinn
From regional'grefile to pathway, transfer and regional Uptake

Regional profile
Mid
Climate action reframed around health, affordability and senvice reliability
Integrated pathway bundling mobility decarbonisation energy transition and urban heat adaptation

Naturs-based solutions targetad at wools, transit nodes, elderly care facifties

2. Integrated 2050 pathway
Integrated approach connecting mobility decarbonisation, energy transition and urban heat adaptation
Mobifity packages modelled with behavioural reafisnt parking management, road pricing and public
transport investment tested inchuding acceptance risks
Enzrgy demand projected to 2050 (incl. heatwave-driven cooling growsh); supply portfolics optimised for
u cost and resilience
Urban heat hotspots mappad at high resolution to target greening and de-sealing where it matters most

e F & 4
5. Exploitations
! Heat hotspot package: prioriti guidance for nature-basad interventions at public-service
locations
Climate-p g map (GIS): cimate layers into planning and permitting warkflows
Policy brief templates for re-framing the bundlz via health, affordability and resilisnce arguments
Engagement tools: Shape-your-Future App and Playful Trainings for stakeholder communication and
feedback
typology ~ potfiy — autcanes — fronfer — uptike

A TMPACT CHAINS

ized Northem Europzan capital with district heating, high car dependency and growing urban heat stress

Reference for Baltic and Central-Eastern European cities with district heating car-depandent mobility and rising heat risks

W) REGION COMPARISON © SIMILARITY MAP B DOMAIN MODELLING |~ 5D RESULTS

3. Outcomes & reality checks
Modefling mobility transiticns that account for behavioural responsa and enforcement needs
Haat adaptation prioritises public-senvics locations: schools, transit nodes, elderly care faclities
Re-framing keeps the bundle politically defensible linking measures to health, cost-of-living and sarvice
reliability
Societa! responze analysis helps anticipats resistance and avoid backfire effects in implementation

6. Local Hub & uptake
Hub connects modzlling outputs to budget authorities and service owners across departments
Continuity secured by embedding the intervention bundiz in annual budget and investment programming
Heat layers and hotspot data integratad into planning standards and capital works guidance
Recuring engagement cyde (trainings = app) kesps stakeholders aligned under shifting political priorities

Figure 6: DSS dashboard landing page - dashboard options (top), demonstrator overview (bottom)

Q SEARCH

Urban Heat = Green Infrastructure

; 4_ Transferability |
. Transferable as 3 "bundie - lzgible evidence - rz-framing” template for cities where dlimats action nseds
u political repackaging
Mobility, energy and haat evidence intagrated into one coherent intervention narrative adaptable without full
maodel reruns
Strong reference for Northern. Baltic and Central-Eastern European dties with district heating, car
depandence and rising heat stress

MODELS
ABM light + PTV Visum | WRF | PALM-4U | [ESopt | MAED-Gity | SD Model | Coping Typology

Note: Figure 6 is the only figure in this deliverable that includes the application header and navigation menus. In all other screenshots, these interface elements were
intentionally omitted in order to save space and focus attention on the functionality being discussed.
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5.2.1 Climate Mitigation Pathway

The second tab of the dashboard presents the relevant Climate Mitigation Pathway, providing an over-
view of all recommended measures in a format resembling a Gantt chart, highlighting the recommended
timing for implementation of each individual measure.

Measures are organised into thematic bundles, where each bundle represents a coherent set of inter-
ventions primarily targeting energy supply, energy demand, transport, or climate adaptation. The
measures within each bundle are intended to be implemented consecutively (Figure 7). This tab also
includes two interactive elements that support pathway exploration (Figure 8):

o filtering by intervention type, and

e a “details” popup that can be activated by clicking on specific intervention.

PATHWAY - Tallinn, Estonia

Tallinn Net-Zero Pathway 26 4 5 30
(Clean Energy Transition (CET) pathway for Tallinn combining transport electrification, building
refurbishment, renewable energy expansion, and urban climate adaptation to achieve climate
neutrality by 2050.

MEASURES ~ THEMES  MILESTONES  YEAR SPAN

# Microclimate adaptation (5) || g4 Transport Mitigation (5) # Energy supply Mitigation (4 # Energy demand Mitigation (4)

MEASURE 2020 2025 2030 2035 2040 2045 2050 2055
* * * + +

MILESTONES 2030 2035 2040 2045 2050

. New buildings

~74 new buildings according | ~28 new buildings according to plans including 6ha sealed an
2025-2040 - - 0

%

15-minute city cofjcept
A Y Increased land use mix within] Increased land use mix within transport model zones +0.5% p| Increased land use mix within transport model zones +1% pe
25-2050

Expanded rail, tram and bus
services ~17%implementation rate of | -4,4% implementation rate of SUMP & Development Strategy | further increased frequency = reduction in travel time 1% pe|
2025-2050

ob

4 Local renewables and storage -
- Set aframework to enable the Increase current PV capacity from 1 MW to 105
125-2050

Figure 7: DSS dashboard - Climate mitigation pathway overview.

&%  TRANSPORT MITIGATION

Cycling optimization
Core network / citywide improvements according to SUMP Tallinn and Development Strategy

2035

2030 - 2040 ~4,4% implementation 100% by 2040

rate of SUMP &
Development Strategy
cycling measures per
year

Figure 8: DSS dashboard — Climate mitigation pathway filtering and details popup.

The main purpose of the climate pathway presentation is to support regional policy makers in identifying
which measure bundles proved effective in the context of the KNOWING demonstrators, and to facilitate
the use of this knowledge when designing their own regional pathways.
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Third dashboard tab is dedicated to “impact chains”. It complements the pathway view by providing a
structured link between climate hazards, concrete regional risks, sector-specific impacts, and targeted
intervention measures, as illustrated in Figure 9.

5.2.2 Impact chains

Climate Risks — Tallinn Heat & Health

Heat on transmission and distribution The KNOWING framework links climate hazards to concrete regional risks and derives sector-specific intervention measures from them
infrastructures

Heat on rail infrastructure
High Temperatures

Overheating on public transport

Wildfire risk on public health
Overheating on public transport

Low reservoir levels and water supply Negligible - Reduced transport disruption - Reduced adverse health impacts - Increased transport emissions
disruptions

Heat on manufacturing

($£)  roaeration Response
Wildfires on transport infrastructure e
Specification of transport infrastructure for warmer climates - Human Behaviour: Avoidance of active transport/greater

reliance on private transport - Human Behaviour: Avoidance of public transport (of trips in general
Impact of heat on road infrastructure (asphalt P P p port (of tripsin g )

tutting damage)

Figure 9: DSS dashboard - Impact chains.

5.2.3 Region comparison

The Region Comparison view compares the demonstrator region with the selected target region using
four “tier” scores and six “thematic profile” scores on a 0—100 scale, based on the Four-Tier Weighted
Similarity Framework (KNOWING consortium, 2026b)

e Tier scores: T1 Environment and Biophysical aspects, T2 CIC Domain, T3 Implementation Fea-
sibility, and T4 Other Contextual Factors

e Thematic profile scores: Energy, Climate, Socio-economy, Infrastructure, Physical Geography,
and Territorial Typology

As illustrated in Figure 10, the comparison results are presented through two complementary spider
diagrams, a tier score breakdown chart, a composite similarity score, and a concise comparison
summary. One spider diagram visualises the aggregated tier scores, while the second presents the
thematic profile comparison, enabling users to quickly identify where the two regions align most closely
and where the most significant differences occur.

A short explanatory text beneath the visualisations translates the comparison into plain language, high-
lighting the strongest similarities as well as the most important divergences between the two regions.
Users can also switch between different weighting schemes, which may alter both the calculated sim-
ilarity scores and the resulting transferability class (Figure 10, weighting scheme).

In addition, the updated comparison view includes a detailed decomposition table that exposes the
underlying indicators used in the similarity calculation. The table allows users to drill down from aggre-
gated scores to individual variables and identify which specific indicators contribute most strongly to
similarity or dissimilarity between the regions. Users can browse the information either by tier or by
thematic category, making it easier to analyse different dimensions of the comparison. The contents of
the detailed comparison table can also be downloaded in JSON format for further external analysis or
reuse.
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Figure 10: DSS dashboard — Region comparison.

An important insight provided by this tab is that regions may achieve similar composite similarity scores
while differing substantially across individual tiers, thematic dimensions, or underlying indicators. For
example, two regions may align closely in terms of climate and land use while differing significantly in
governance capacity or transport infrastructure. Taken together, the visualisations and decomposition
table provide a more nuanced understanding of regional similarity and help users identify aspects that
may require particular attention before adapting a KNOWING pathway to a different regional context.

5.2.4 Similarity map

The similarity map is the central visual element of the KNOWING Decision Support System. It presents
a colour-coded map of Europe in which regions are coloured according to their similarity to the selected
demonstrator region within the chosen Climate Impact Context (Figure 11). The geographical level of
detail shown on the map corresponds to the territorial level of the active demonstrator region. For ex-
ample, if the selected demonstrator is defined at NUTS-3 level, the map displays other NUTS-3 regions;
if the demonstrator is defined at LAU level, the comparison is likewise performed against other LAU
regions.

Regions shown in dark green represent the closest matches (TRF1 class, highest transferability poten-
tial), sharing strong structural similarities in areas such as climate conditions, land use, socioeconomic
characteristics, infrastructure, and governance context. The colour scale gradually transitions through
lighter greens and oranges to dark red (TRF5 class, lowest transferability potential), indicating regions
that are progressively less similar and where direct transfer of a pathway would likely require more
substantial adaptation. Regions coloured in light grey are considered ineligible for transferability as they
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did not pass the gating filtering (e.g., the demonstrator area is coastal, and the target area is in the
mountains which would make impossible to transfer the mitigation pathway as the regions are structur-
ally incompatible).

CONTEXT: [ Urban Region B Heat & Health  Edit selection
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36 (TRF1)
o Hamburg
YOUR REGION 96 (TRF1)
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Figure 11: DSS dashboard - similarity map.

The map provides an immediate visual overview of the geography of transferability, allowing users to
quickly identify which parts of Europe most closely resemble the demonstrator region and where simi-
larities become weaker. By clicking on a region, users can access its similarity score, transferability
class, and more detailed comparison views.

In this tab, users can also choose between different weighting schemes within the similarity framework.
Adjusting the weighting of tiers or thematic profiles may change both the calculated similarity scores
and the associated transferability classes, enabling users to explore how different priorities or policy
perspectives influence the assessment of regional similarity and pathway transfer potential.

5.2.5 Domain Modelling and SD results

The final two tabs in a DSS dashboard (Figure 12 and Figure 13) provide detailed information on the
modelling activities used to develop the pathways. The content presented in these tabs is reproduced
directly from existing KNOWING deliverables; their added value lies primarily in making this information
accessible within the DSS itself and placing it in the appropriate analytical context.
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DOMAIN MODELLING RESULTS
KNOWING_D3.3_CIC1 Climate Mitigation Pathways
WRF Regional Climate Model .
Tallinn
Transport (ABM light & PTV
. . Tallinn
Visum)
MAED- City
Esopt Introduction
PALM-4U
HWLEM In the following sections, all Domain models applied to Tallinn and their results are

Delayed-Multivariate presented. The regional climate model WRF provides the information on the future

Exposure-Response Model (D- climate conditions that are input to several other Domain models; thus, it is described
MERF)

first and with a different structure. It is followed by the models related to climate
KNOWING Behaviour Model mitigation and to climate adaptation: Transport, Energy Demand, Energy Supply, PALM,

HWLEM, D-MERF, Behaviour model.

Figure 12: DSS dashboard - domain modelling.

Tallinn .

o Tallinn

Summary of benefits Expandable Impact Interaction Model Framework
Mobility & Urban greening Tallinn

Energy & Emissions
Tallinn demonstrates the CIC Heatwave & Heath. This demonstrator uses all SD sub-models specified in the general SD structure for this

CIC (as outlined in 4.3.1). Table 16 shows the available data used for calibration (as per submission date of this deliverable) for the

scenario runs for each DM related to its SD sub-model.

Table 16 - SD modelling for the DEMO region Tallinn and the available data.

CIC Heatwave & DEMO: Related DM Scenario runs
Health SD sub-models  Tallinn el e 2030 2040 2050
Transport v Mobility v v v v
Energy Demand v MAED-City v v v v
Energy Supply s IES-opt s Not considared. Not considared. v
. : PALM-4U v v v v
Microclimate 4
Health o' e

The interventions supported in the SD model for the Tallinn pathway are illustrated in Figure 23. Interventions are shown in the same color
as sub-models, provided they have been implemented. Interventions with a lighter color have not been implemented / considered yet (or

have been ruled out during the stakeholder process).

50w mtt

= I( P |
L] e (oo . o

Figure 13: DSS dashboard - System Dynamics results.

These two tabs were included to increase the transparency of the KNOWING methodology and results.
They are primarily intended for students, researchers, and consultants who wish to better understand
— and potentially replicate — the KNOWING approach in other settings, either by applying similar mod-
elling methods to additional regions or by extending them to different types of Climate Impact Contexts.
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5.3 Deliverable search

In addition to functions described in section 5.2, the dashboard also provides a link to a dedicated search
feature (https://climate-dss.ait.ac.at/search).

This feature is exact replica of the KB search function (KNOWING consortium, 2026) and enables users
to explore the contents of all publicly available KNOWING deliverables. Its purpose is simple but im-
portant: to reduce the effort required to locate relevant information within the extensive body of KNOW-
ING reports. In this way, it addresses one of the key challenges in climate action research — information
overload resulting from the growing volume and complexity of available knowledge.

health CIC

100 results in 11 documents for "health CIC" — only public deliverables

KNOWING_D2.4 Expanda Expandable Impact Interaction Model Framework
KNOWING_D2.1_Qualita Qualitative Interactive Model

KNOWING_D2.3_Impact_ Impact Interaction Model Framework

The CIC Heat Waves & Health SD model can be simplified into several sub-models that will be intercon- nected, as shown in Figure 6.

CIC Heat Waves & Health The CIC Heat Waves & Health SD model can be simplified into several sub-models that will be intercon- nected, as shown in
Figure 6. Figure 6 - CIC Heat Waves & Health sub-models and their corresponding DM. Figure 6 - CIC Heat Waves & Health sub-models and their
corresponding DM. Climate input data (on a regional level, 5-km-grid WRF data)8 are a main driver for three sub-models: The microclimate sub-model
(modelling the influence of land cover and urban features), the housing sub-model / energy demand sub-model (AC usage), and the energy supply
sub-model (impact of climate change on renewable energy - PV, wind and hydro). From the climate sub-model, there is further link to the health sub-
model (covering the impacts on public health), as well to the transport sub-model (influ- ences on mode choice, impact of measures like street
greening). The transport sub-model further pro- vides inputs to the energy demand sub-model, which in turn provides input to the supply sub-model.
Finally, the impact of both climatic changes and adaptation / mitigation measures (in the housing and transport sub-model) is also driven by
behaviour input datag. 8 Since there will no feedback to climate variables be modelled at this level, this is not considered as a sub- model within the
KNOWING SD Model, but just as input data. 9 Similar to the (regional) climate input data, it is assumed here that these behaviour data (coping

typology) is not endogenous in the overall model, i.e. there is no feedback to change this. This assumption is still pending confirmation.

O FIGURE

[==] (== —
Figure 14: DSS search feature.

Search results are organised in a report-centric manner. By default, results are displayed as a list of
deliverables together with an approximate indication of their relevance, based on the number of report
sections containing matching content. Users can expand individual results by clicking the plus (+) sym-
bol, allowing them to explore the specific sections, figures and tables in which relevant information was
identified. By clicking on the deliverable title, users can also download the complete report in PDF format.
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5.4 Explore by climate goal workflow

This DSS workflow is initiated by selecting the “Explore by Climate Goal” option in Figure 2 and is
accessible via https://climate-dss.ait.ac.at/explore. It is designed to guide users from high-level climate
objectives to concrete adaptation and mitigation measures through an intuitive, step-by-step exploration
process.

The first step is the selection of the relevant climate impact context (“climate goal”), as illustrated in
Figure 15. Based on this choice, the user is then prompted to select one of the associated climate haz-
ards (Figure 16).

What climate goal are you
working towards?

Select a climate impact context to explore associated

hazards, risks and adaptation strategies.

= ) 8 v

Coastal River Flooding Heat & Health Soil Fertility &
Flooding & & Urban heat islands, Agriculture
Infrastructure Infrastructure public health responses Soil degradation,
Sea-level rise, storm Fluvial flooding, and cooling strategies. drought adaptation and
surges and coastal drainage management sustainable land use.
infrastructure. and resilient

infrastructure.

Figure 15: Explore by climate goal — CIC selection.

TOPIC HAZARD
Heat & Health

HEAT & HEALTH

Which hazard are you addressing?

3 hazard drivers identified for this climate context

4 |4 L4
Heat Waves High Temperatures Higher Average
2 climate risks 10 climate risks Temperatures

Figure 16: Explore by climate goal — hazard selection.
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The third step involves selecting a specific climate risk linked to the chosen hazard and climate impact
context (Figure 17).

TOPIC HAZARD RISK
Heat & Health High Tempe...

HIGH TEMPERATURES

Which climate risk are you targeting?

10 risks associated with this hazard

Heat on rail infrastructure
Overheating on public transport
Wildfire risk on public health
Heat on manufacturing

Figure 17: Explore by climate goal — risk selection.

This selection leads to the “Measures” page, where all relevant adaptation and mitigation measures
associated with the selected risk are presented (Figure 18). Users can further expand individual
measures (Figure 19), as well as second-order impacts (Figure 20), to access detailed information on
associated response risks, opportunities, and cascading effects.

Compared to the combination of “Explore by Region” workflow and “DSS Dashboard”, this workflow
provides a more streamlined and goal-oriented user experience, while still retaining a high level of ana-
lytical depth. It is particularly suited for students, researchers, and practitioners who wish to understand
not only potential interventions, but also their broader systemic implications — including second-order
risks, emerging opportunities, and cascading climate impacts.
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Figure 18: Explore by climate goal — measures overview.

Figure 19: Explore by climate goal — measure details.
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Figure 20: Explore by climate goal — 2nd order impacts.
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6 Lessons learnt and recommendations

During DSS development, several challenges were encountered. Some were partially addressed within
the project, while others informed the design of an extended DSS concept that could be realised in
future initiatives. The key lessons learnt, and recommendations are summarised below.

6.1 Data inputs

One of the main challenges in developing the DSS was the limited availability and timing of input
data. The DSS development team depended on outputs from other work packages (notably WP2 and
WP3) to design the system architecture, create mockups, and implement the prototype. However, these
outputs were not consistently available at an early stage of the project.

For example, key aspects of WP3—such as the exact structure and number of pathways to be pro-
duced—remained uncertain for a prolonged period. This led to assumptions in the DSS design, including
the expectation that WP3 would deliver multiple net-zero pathways per CIC. Consequently, filtering and
prioritisation mechanisms were introduced in the D4.6 mockups to help users identify the most relevant
pathways. These assumptions introduced delays and partial misalignment between mockup design and
implementation.

For future projects, it is strongly recommended to structure work packages in a way that ensures early
availability of preliminary and intermediate results. All scientific work package leaders should be explic-
itly tasked with defining expected data formats and providing representative “dummy datasets” at an
early stage. This would enable parallel development of technical systems alongside ongoing research
activities. Furthermore, all data outputs should ideally be made available through a structured database
as the primary integration layer, enabling automated access, consistency checks, and cross-work-pack-
age interoperability. This was not fully achieved in KNOWING. As a result, significant effort was required
to normalise data delivered in heterogeneous formats (e.g. Excel sheets) and integrate it in the
knowledge base.

Integration of additional CICs and pathways, e.g. in the scope of a future Coordination Action pro-
ject, would greatly increase the value of the DSS as educational and decision support tool.

6.2 Pathway customization

A possibility to customise the pathway, rather than merely inspecting the existing ones, is essential fea-
ture that should be offered by the Decision Support Service. While such functionality has been proposed
in D4.6 mockups (Figure 21), we were unfortunately unable to implement it in this project.

Ideally, the DSS should be able to estimate the effects of proposed changes to the pathway, e.g.
by consulting a system dynamic model or at least a lookup table indicating how exchanging some
interventions for their “alternatives”. However, no simple way to estimate the relative contributions
of individual measures to the net-zero pathway has been developed by the KNOWING scientific team
and no “alternatives” for the measures indicated in the pathway were indicated either. This is an im-
portant functional gap in the DSS application that should be addressed further in follow-up project(s).
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KN(%NG Decision Support - Builder
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Figure 21: Pathway customization mockup, from D4.6

KNOWING SD models provide a good starting point for implementation of pathway customisation
feature. However, integration of these models in the DSS is a non.-trivial matter that requires sig-
nificant additional research, testing and validation with different case study regions.

6.3 Use of GenAl for knowledge engineering

Continued development of the Knowledge Base and DSS beyond the project lifecycle will inevitably
require the integration of information from multiple external sources, including other research projects,
scientific studies, monitoring activities, and policy initiatives. In the absence of widely adopted data
standards, such information must first be pre-processed, harmonised, and transformed into a consistent
structure suitable for integration into the Knowledge Base. This process is resource-intensive and re-
quires significant domain expertise.

Our experiences from recent and ongoing coordination and knowledge-integration initiatives such as
MAIA (https://maia-project.eu/), PATH2DEA (https://www.path2dea.eu/) and Neb Junction (https://neb-
junction.eu/) suggest that generative Al (GenAl) can substantially improve expert productivity the
context of scientific knowledge engineering. In particular, GenAl can support the pre-processing of
heterogeneous materials, the automated extraction of relevant information from diverse sources, and
the structuring of this information for integration into the Knowledge Base and subsequent use within
the DSS.

In addition, Al technologies could also facilitate the identification of semantically similar interventions and
support their abstraction into a smaller and more manageable set of “intervention archetypes”. Original
interventions could then be preserved as “intervention instances” within the knowledge base, serving
as concrete examples of archetype implementation while maintaining traceability to the original source
materials and preserving project-specific terminology (Figure 22).
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Figure 22: Envisaged knowledge engineering process — beyond KNOWING. lllustrations generated by OpenAl

However, expert oversight remains essential to ensure the accuracy and reliability of results, as
GenAl systems may produce incorrect or fabricated outputs (“hallucinations”). To fully leverage
human-Al collaboration, such workflows should be designed from the outset of a project. This includes
allocating sufficient resources for both expert validation and technical implementation - something that
was not foreseen in the KNOWING project.

6.4 Other DSS extensions

In the late project phase, an updated DSS mockup was produced to illustrate the possible functionality,
discussed with the stakeholders, and partially implemented. An annotated mockup is provided as Annex
C of this document, as inspiration for future developments.
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7 Conclusions

KNOWING DSS is a functional demonstrator that integrates the core functionalities
achievable within the project scope, demonstrates the system’s potential and provides
policymakers with a practical tool for exploring Climate Impact Contexts (CICs) and re-
gion-specific pathways. However, its usability is still constrained by the limited availabil-
ity of input data and the absence of pathway customisation capabilities.

The KNOWING DSS successfully bridges complex climate research and practical application through
an accessible web-based platform that supports region-specific climate adaptation and mitigation plan-
ning. By combining data from the KNOWING Knowledge Base, the Transferability Database, and geo-
spatial services, the system provides policymakers, researchers, and practitioners with a unified envi-
ronment for exploring pathways, regional similarities, and climate risks.

The DSS supports informed decision-making by translating complex scientific outputs into actionable
insights tailored to local contexts. At the same time, it also serves as an educational and research tool,
improving transparency and accessibility of the KNOWING methodology through interactive workflows
and integrated access to project deliverables.

The development process also highlighted several important lessons. Future projects should ensure
earlier availability of structured input data and common data standards across work packages. In addi-
tion, pathway customisation and evaluation of alternative interventions remain important functional gaps
that should be addressed in future DSS developments.

Looking ahead, the integration of Generative Al (GenAl) could significantly support future expansion of
the Knowledge Base by automating information extraction and harmonisation across external sources.
Additional extensions, such as advanced archetype exploration and automated recommendation re-
ports, could further enhance the DSS for policymakers, consultants, and technical experts.

Overall, the KNOWING DSS establishes a scalable foundation for supporting Europe’s transition towards
a climate-neutral and climate-resilient society by improving climate literacy and enabling more informed
regional decision-making aligned with the objectives of the EU Green Deal.
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Annex A: Data Summary

No (new) data sets relevant for KNOWING Data Management Plan were used or produced in preparation
of this deliverable.

Security and Ethics:

The work performed in this deliverable is not considered sensitive in terms of ethics or security.

KNOWING | Deliverable D4.7 | WP4 | Final 28



Annex B: Ethics Considerations

No relevant ethical areas for KNOWING were touched in preparation of this deliverable.
Personal data: No personal data is stored nor processed by DSS.

Fair Benefit Sharing: DSS can be used anonymously and free of charge by all interested parties.
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Annex C: DSS Mockups

KNOWING DSS prototype already provides a set of core functionalities that make it a useful tool for
presenting and exploring key project results. Nevertheless, a number of additional features were con-
sidered during the project but could not be implemented due to constraints related to available re-
sources, development time, and the limited availability of suitable input data.

The following mockups illustrate several potential extensions to the DSS, primarily focused on improving
the analysis of regional similarity and the transferability of pathways between regions. These concepts
represent functionalities that are considered particularly relevant and valuable for future end-users and
may serve as a basis for further development in follow-up initiatives.

Similarity Map

Similarity Map — Choropleth View

KNOWING DSS
Step 2-3 — All EU NUTS-3 regions coloured by composite similarity to South Westphalia

Analysis Controls Similarity to South Westphalia (CIC 2: Agriculture & Forestry) Top 10 Matches
100

Target Region Aller (FR)
Allier (FRBO1), France o 252
Active Demonstrator Creuse (FR)
# South Westphalia (CIC2) 0 i,
Display Layer L Contal (R
® Composite Score e antal (FR)
o Tier 1 Only (Environmental) 68.3 (T2)

o Tier 2 Only (Domain-Specific)

o Tier 3 Only (Feasibility) o Nigvre (FR)
o Tier 4 Only (Contextual) 66.8(T2)
Class Filter © e Lozere (FR)
ET1 (Very High) E T2 (High)

65.2 (T2)
& T3 (Moderate) OT40T5
Ardéche (FR)
Overlays

& Archetype boundaries ]

B Highlight same-archetype Savoie (FR)

Composite Similarity Score (0-100)

Salzburg (AT)

Styria (AT)

Choropleth map colours all EU NUTS -3 regions by -
composite similarity score to the active
demonstrator. Users can toggle between composite -
andtier-specific views. Archetype boundaries can be re E ]
overlaid to show cluster membership. Top -10 panel «n y
on the right ranks the most similar regions with click -
Y * South Westphalia (demonstrator)
to-compare functionality. @ @ Allier (score: 72.5, class T2) G

- Limburg (BE)

°

Currently, the similarity map shows the choropleth map coloured according to the overall composite
similarity score (comparing the demonstrator region with the others). As an additional feature, it would
be also interesting for the end-user to visualize the comparison according to a specific tier score (T1 —
T4) or show only regions that are very similar (i.e., TRF1 or TRF2).

Another potentially valuable new feature would be the possibility to filter the 10 most similar regions in
a defined radius or bounding box (spatial query against the transferability database). This would allow
the users to concentrate on regions they are familiar with and may be able to easily contact to exchange
experiences.

Dynamic Weight Adjustment

The current implementation of the transferability database (T73.5/D3.6) provides three weighting
schemes used for calculating the similarity scores among the pair demonstrator-target region:

o Default (T1=40%, T2=25%, T3=15% and T4=20%)
e Equal (T1=T2=T3=T4=25%)

e CIC primacy (T1=25%, T2=40%, T3=15% and T4=20%)
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This allows the end user to quickly compare the regions similarity with one of three pre-defined weighting
schemes. As a future improvement, the application could allow the end-user to freely define the
weighting scheme of the four tiers. Depending on the use case, it might also be beneficial to let users
define their own score bundles in addition to “tier” and “thematic profile” scores that were defined in
KNOWING.

Dynamic Weight Adjustment KNOWING DSS

Step 6 — User modifies tier weights and observes real -time re-ranking

Adjust Tier Weights

Tier 1: Environmental

I 40%

Tier 2: Domain-Specific
—— 25%

Tier 3: Feasibility

() 15%
Tier 4 Contextual Aliier Creuse Cantal Niévre Lozére Salzburg Styria Limburg
L _____() 20% m Default (40-25-15-20) Domain-Primacy (25-40-15-20)

Presets:

Stability Feedback

When users adjust weights, the DSS provides real-time stability feedback:

* Rank correlation: Spearman p = 0.91 between default and adjusted ranking (high stability)
© Top -10 stability: 8/10 regions remain in top-10 across both weight schemes
* Rank swaps: Creuse overtakes Allier under domain -primacy (higher forest cover similarity)
Reducing T1 below 25% allows environmentally incompatible regions into top rankings — proceed with caution

Dynamic Weight Adjustment KNOWING DSS

Step 6 — How changing tier weights affects the similarity score between Allier and South Westphalia

What this screen does: After selecting a target region (Allier) and a demonstrator (South Westphalia), the user can adjust the relative importance o f each tier. The dashboard recalculates the composite
score in real time, showing how emphasising different dimensions (e.g., environmental vs. domain -specific) changes the assessed similarity between the two regions.

Adjust Tier Weights Tier Contributions Under Different Weights
33

Score Impact: Allier € South Westphalia
e

Tier 1: Environmental Weighting Scheme Scor Class Change
I
o a0 fault (40-25-15-20) 72.5 - 30 27
Default (40-25-15- . .
efault d 2 (baseline)
21
Tier 2: Domain-Specific Equal (25-25-25-25) 69.3 2 20 17 o
—— 25%
Domain-primacy (25-40-15-20) 67.8 ™ -4.7 10 8 8
Tier 3: Feasibility
-—Q 15% Env-only (100-0-0-0) 82.0 Tl +9.5 0
T T2 T3 T4
No env. (0-40-30-30) 63.2 T3 -9.3
Tier 4: Contextual M Default * Domain-Primacy
I 20%
® Interpretation:
Under domain-primacy, the score drops by 4.7 points because the Tier 2
presets: mismatch (coniferous forest gap, calamity exposure) is amplified. Under env-only,

the score rises to 82 because both regions share Cfb climate—but all system and
institutional differences are ignored.

Default Equal Domain Env-Only

What is Stability Feedback?

Stability feedback is the DSS’s mechanism for telling the user whether changing the weights leads to meaningfully different r esults, or whether the assessment is robust to the chosen weighting. It answers the question:
“Should | worry about which weights | picked?”

The DSS reports three indicators:

1. Score sensitivity: How much does this specific region pair’s composite score change across different weighting schemes? If the score stays withi n +3 points across all tested schemes, the result is stable. If it swings by
>8 points (as here: 63-82), it is —meaning the choice of weights materially affects the conclusion.

2. Class stability: Does the transferability class (T1-T5) change? Here, the default and domain -primacy both yield T2, but env-only yields T1—a class jump that would change the recommendation.

3. Rank stability: Does Allier’s position in the ranked list of all candidate regions for this demonstrator change? If Allier is #1 under defaul t but drops to #4 under domain -primacy, the user knows the ranking s sensitive
to the weighting of Tier 2 variables.
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Archetypes Explorer

The Archetype Explorer allows users to browse CIC-specific regional typologies. Clicking an archetype
on the map highlights all member regions and shows the archetype profile card. The “Linked Pathway
Content” section routes to Knowledge Base entries: intervention catalogues, governance narratives, and
modelling parameters tagged by archetype. Users who don’t yet know which demonstrator is relevant
can explore archetype membership first, then navigate from archetype to the most relevant demonstra-
tor’s pathway content.

Archetype Explorer — CIC 2 Map KNOWING DSS

Step 7b — Interactive archetype map, profile card, and pathway navigation

. . The Archetype Explorer allows users to browse

CIC 2 Regional Archetypes — Agriculture & Forestry C\Crspeciﬁcyfegio:altypolog\es. Clicking an
. archetype on the map highlights all member

regions and shows the archetype profile card.
The “Linked Pathway Content” section routes to
Knowledge Base entries: intervention
catalogues, governance narratives, and
modelling parameters tagged by archetype.
Users who don’t yet know which demonstrator
iis relevant can explore archetype membership
first, then navigate from archetype to the most
relevant demonstrator’s pathway content.

Climate Impact Context

| CIC 2: Agriculture & Forestry ¥ |

[ /b & Nordic boresl forest
[ A 2 Atlantic pastoral
1

Arch 3: Continental arable

Archetype Profile
. Arch 4: Alpine mountain
egions Members: 87 NUTS-3 regions

Climate: Cfb / Cfb-Dfb transition
Arch 5: Oceanic agri-forest ’ Forest cover: 25-45% (mixed

regions conif./broadleaf)
Agriculture: mixed cereals + pastoral

Arch 6: Medit. irrigated Elevation: 200-600m (upland landscapes)

Demonstrator Position

* South Westphalia: near centroid (repr.
0.82 high)

® Allier: moderate distance to centroid (repr.
0.68 moderate)

. Arch 7: Eastern transitional

Your region: Allier (FR)

- Archetype 5: Oceanic agri-forest mosaic Linked Pathway Content

- Climate-adaptive forestry strategies
- Crop diversification guidance

- Soil & water retention measures

BEm Arch 1: Nordic boreal forest
m= Arch 2: Atlantic pastoral lowland
Arch 3: Continental arable plain

B Arch 4 Alpine mountain forest > Wind energy in forest integration
Aech 2 0csaaic o5t jormst mokadc - Stakeholder engagement methodology
Cfb climate | 25-45% forest | Cereal+pastoral | 200-600m Arch 6: Weditarrandan migated

B Arch 7: Eastern transitional mixed
K * South Westphalia

@ oer

Archetype Explorer — How It Works KNOWING DSS

Step 7a — Understanding what archetypes are and how the user navigates them

What are archetypes? Archetypes are groups of European regions that share similar multi -dimensional profiles, identified by clustering analysis (PCA + K-means) applied to the indicator set. They are
built separately for each CIC because the relevant variables differ —the “types” of regions that matter for urban heat are differ ent from those that matter for agriculture.

A region can belong to different archetypes depending on which CIC is being considered.

The Archetype Explorer helps users who do not yet know which demonstrator is most relevant to them browse by “region type” rather than by demonstrator.

Select your CIC o View archetype map e Identify your archetype Q See demonstrator position e Browse pathway content

User picks the climate impact they Map colours all NUTS-3 regions by User’s region is highlighted; its Where does each KNOWING Navigate to Knowledge Base entries
care about (e.g., Agriculture & their CIC-specific archetype archetype name and profile are demonstrator sit within the tagged by this archetype
Forestry) membership shown archetype structure?

Worked Example: Allier exploring CIC 2 (Agriculture & Forestry)

Step A: The user selects “Agriculture & Forestry” from the CIC dropdown. The system loads the CIC 2 -specific clustering (built from T1 + T2-AgroFor + T3 + T4 variables, restricted to regions eligible for CIC 2).
Step B: The European map recolours all eligible regions by archetype membership. The analysis identified 7 archetypes for this CIC. A llier and its neighbours light up in lime green (Archetype 5).

Step C: The sidebar shows Allier belongs to Archetype 5: “Oceanic mixed agriculture -forest mosaic” — characterised by Cfb climate, 25-45% forest cover (mixed composition), mixed cereal + pastoral agriculture, 200 —
600m elevation. 87 NUTS-3 regions across France, Belgium, western Germany, and southern England share this archetype.

Step D: The demonstrator pin (%) for South Westphalia appears within the same Archetype 5 territory, near the centroid (representativeness: 0.82). The syste m highlights: “Your region and this demonstrator share the
same archetype — pathway transfer has a strong structural basis.”

Step E: The user clicks “Explore Pathway Content” and is routed to the Knowledge Base entries tagged with Archetype 5: intervention ¢ atalogues (forestry, soil retention, renewables), governance narratives (South
Westphalia's multi-stakeholder partnership model), and modelling parameters.

In order to implement this feature, we need first to carry out an analysis of the regions and cluster them
using PCA + K-means in order to create representative clusters of regions based on the indicator values.
This is one of the future work activities identified within KNOWING deliverable D3.6 Pathways Generali-
sation (KNOWING consortium, 2026b).
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DSS transferability assessment should translate all the quantitative analysis (tier scores, variable dis-
tances, archetype matching) into an actionable recommendation. It should provide the end-user with the
following:

Pathway Recommendation Report

1) the overall transfer verdict

2) which specific pathway elements (i.e., interventions) are most and least transferable,
3) what the main risks and adaptation needs are, and

4) where to find the detailed guidance.

5) ability to export this as a PDF report, share it with colleagues, or use it as input to a formal
adaptation strategy.

Points 1 and 4 are already implemented within the DSS up to certain extent. Point 5 could be added
relatively easily but might require user accounts to make the information persistent and shareable with
a limited circle of recipients.

Points 2 and 3 are the most difficult to implement given the difficulty of linking the similarity/transferability
score with which specific interventions would be completely transferable, which ones would require
modifications, and which would be completely impossible to transfer. Not to mention the lack of infor-
mation concerning costs of the interventions, suitability of interventions to specific conditions, and exist-
ence of many other recorded transfer experiences that would complement the ones provided by KNOW-
ING.

Pathway Recommendation Report — Overview KNOWING DSS

Step 8a — The final output: what should the user do with the transferability assessment?

TRANSFER FEASIBLE WITH MODERATE DOMAIN -SPECIFIC ADJUSTMENTS
South Westphalia - Allier | Score: 72.5 / 100 | Class: T2 (High) | Archetype: Same (5) | Képpen: v Cfb = Cfb

What is this report? Thisis the final deliverable of the DSS assessment. It translates all the quantitative analysis (tier scores, variable dista nces, archetype matching) into an actionable recommendation. It tells the
user: (1) the overall transfer verdict, (2) which specific pathway elements are most and least transferable, (3) what the mai n risks and adaptation needs are, and (4) where to find the detailed guidance. The user can
export this as a PDF report, share it with colleagues, or use it as input to a formal adaptation strategy.

Compatibility Assessment

Koppen Filter Environmental (T1) Domain-Specific (T2) Feasibility (T3) Contextual (T4)
I I
PASSED HIGH (82) HIGH (72)

v Directly Transferable X Limited Transferability

« Agricultural diversification and rotation reform « Forest management reform — adapt from spruce-focus to broadleaf/mixed « Bark beetle and windthrow emergency response protocols (calamity

« Soil conservation and water retention measures species context exposure: 3.2% vs 12.8%)

. energy in agricultural « Biomass utilisation pathways — recalibrate for lower biomass density (95 vs « Spruce reforestation and species transition strategies (coniferous: 3.2% vs
« Stakeholder engagement and participatory backcasting methodology 182 t/ha) 22.4%)

« Climate literacy and playful climate training approaches « Cross-municipal cooperation frameworks — adapt for French département

administrative context

These elements can be adopted with minimal or no modification. The target region ’s These elements address relevant needs in the target region but require significant These elements are designed for conditions that do not exit in the target region at
conditions match the ‘s on the that these redesign because the pecific conditionss (forest ition, biomass stock, comparable scale. The specific hazard (bark beetle) or system (spruce monoculture) is
depend on. governance structure) diverge. marginal in Allier.
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Pathway Recommendation Report — Evidence & Export

Step 8b — Supporting evidence, risk assessment, and deliverable generation

Evi

e Base: Key Convergences & Divergences
CONVERGENCES (supporting transfer)

Shared Képpen Cfb zone — same fundamental biophysical envelope
Same CIC 2 archetype (Oceanic agri-forest mosaic, #5 of 7)
Comparable crop distributions: cereals + fodder dominant in both
Similar renewable energy penetration (32% vs 29%)

Both experiencing rural population decline (-0.32 vs -0.58 %/yr)

AN Y

Forest composition: coniferous 22.4% vs 3.2% — spruce-specific interventions need redesign
Calamity exposure: 12.8% vs 3.2% of forest — emergency protocols less relevant
Governance quality: 0.82 vs 0.68 — institutional capacity-building likely needed

Population density: 148 vs 42 /km? — different scale of intervention logistics

Export & Del le Options

KNg\(I)V%iNG

KNOWING DSS

Pre-conditions the target region should meet:

1. Institutional readiness: The governance quality gap (0.68 vs 0.82) suggests Allier may need to establish or
strengthen intermediary organisations (e.g., a climate alliance or energy agency equivalent to Energy4Climate in
South Westphalia) before the multi -stakeholder cooperation model can function effectively.

2. Forest management adaptation: The demonstrator’s forestry pathway is built around spruce vulnerability.
Allier’s broadleaf-dominated forests face different climate stresses (drought -driven oak decline rather than bark
beetle). The forestry component needs to be re -framed around local species vulnerabilities rather than adopted
wholesale.

3. Scale adjustment: South Westphalia (148/km?) is substantially denser than Allier (42/km?). Community
engagement approaches that work through dense rural networks may need to be adapted for a more dispersed
settlement pattern.

Weight sensitivity note: This as
schemes). The recommendation F
o the forest compc

ssment is moderately weight -sensitive (score range 63-82 across tested

ds under default and equal weighting

t weakens under domain -primacy due

sition gap

PDF Report

Complete multi-level assessment report including all five scoring layers, the spider diagram comparison, variable-level
decomposition, convergences/divergences, the three-category pathway element classification, risk assessment, and
pre-conditions. Formatted for printing and sharing with decision-makers.

dl JSON / CSV Data Export

Machine-readable scoring output following the schema described in Section 7.1.7. Contains all 66 variable-level
distances, tier scores, thematic sub-scores, archetype and For into
local GIS systems or further analysis

B GeolSON Spatial Layer

Georeferenced similarity scores for all EU NUTS-3 regions relative to the selected demonstrator. Can be loaded into
QGIS, ArcGIS, or any web mapping application. Includes composite and tier-specific scores as feature attributes.

& KER4 “Shape Your Future” Input

Feeds the transferability results into the Climate Activation Services platform. The tool personalises climate action
guidance for the target region by combining the similarity with CIC-specific i and
the archetype profile. Designed for citizen-facing outreach.
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