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IMPORTANT NOTICE

What is a progress report?

Progress reports are deliverables which are sometimes requested at mid-term (or other crucial points in the project)
if there is a long time-span without reporting.

The report (+ annexes) must be prepared (by all beneficiaries together) and uploaded on the Funding & Tenders
Portal Grant Management System Continuous Reporting Deliverables screen.

& Progress reports should NOT be confused with periodic reports. Periodic reports are linked to payments,
progress reports are not.
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1. MILESTONES, DELIVERABLES AND CRITICAL RISKS
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2. OVERVIEW OF THE PROGRESS AND ACTIVITIES

Overview of the progress and activities

Please summarise progress in the implementation of the activities explaining how these will contribute to achieving the project objectives.
Elaborate on any emerging issue that may affect the implementation of the project and/or the achievement of its objectives.

The progress of the EMERGE project during the second progress-reporting period, from 01 November 2025 to 30 June 2026, has advanced in line with the
Grant Agreement and the updated Continuous Reporting screens. Activities continued to directly support the overall objective of the project: the
development of a rapid Multi-Risk needs evaluation and planning platform to support evidence-based civil protection decision-making in cross-border
contexts.

During this reporting period, substantial progress was achieved in the consolidation of exposure, vulnerability, resources and capacity-related outputs under
WP3, the completion of strong-motion and near-real-time ShakeMap-related outputs under WP4, and the continued technical development of the EMERGE
Web-Based Platform under WP2. Project management, quality assurance, dissemination and coordination activities continued throughout the period.

All deliverables due within the reporting period, except the present deliverable D1.5 Second Project Progress Report, have been successfully submitted and
approved. The present report is prepared for submission as part of this reporting exercise. This confirms that project implementation is progressing
according to the planned timetable and that the main technical outputs required for the next stages of platform integration, testing, training and sustainability
planning are now available.

During the reporting period, the following deliverables were submitted and approved:

D1.3 First Project Progress Report — approved on 17 November 2025

D2.3 EMERGE WBP Architecture — approved on 20 November 2025

D3.1 Socio-Economic Vulnerability Assessment — approved on 17 November 2025

D3.2 Residential, Commercial and Industrial Buildings Vulnerability Assessment and Prioritization of Interventions — approved on 19 December 2025
D3.3 Basic Services and Transport Infrastructure Vulnerability Assessment and Prioritization of Interventions — approved on 19 December 2025
D3.4 Evaluation of Civil Protection Resources, Capacities and Capabilities — approved on 05 February 2026

D3.5 Executive Summary of Civil Protection Resources, Capacities and Capabilities — approved on 05 February 2026

D4.1 Evaluation of CBR Strong Motion Capacities and ORFEUS-EIDA Integration — approved on 31 March 2026

D4.2 CBR NRT ShakeMap Module — approved on 22 June 2026

D4.3 ShakeMap Manual — approved on 22 June 2026

D4.4 Executive Summary of Near-real-time Shake Map Module — approved on 22 June 2026

D5.2 Potential Synergies with Other UCPM Projects — approved on 28 May 2026
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As of 30 June 2026, all deliverables due within the reporting period have been completed, submitted and approved, with the exception of the present D1.5
Second Project Progress Report, which is being submitted as the current progress-reporting deliverable.

During the same period, all milestones due within the reporting period were also successfully achieved. In particular, MS6 — Final exposure assets was
achieved on 12 November 2025, following the previously reported minor rescheduling; MS7 — Integration with ORFEUS-EIDA was achieved on 20
November 2025; MS2 — Second coordination meeting was successfully held on 05 February 2026; and MS5 — Successful reply from the GSM-EMERGE
service was achieved on 31 May 2026.

Together with the milestones already achieved in the previous reporting period — MS1 Kick-off Meeting, MS4 Selection of Rapid Needs Assessment
Methodology, and MS8 Completion of the Dissemination and Exploitation Plan — a total of 7 out of 9 project milestones have been achieved as of 30 June
2026. The remaining two milestones, MS9 — Completion of Sustainability Plan and MS3 — Final Meeting, are not yet due, with planned due dates of 30
November 2026 and 31 January 2027, respectively. No milestone-related delays affecting the overall project implementation or the achievement of
objectives are reported for the current period.

In terms of work package progress, project management activities under WP1 continued throughout the reporting period through regular coordination,
monitoring of deliverables and milestones, quality assurance and continuous reporting. The First Project Progress Report was approved during the reporting
period, and the Second Project Progress Report has been prepared in line with the required UCPM progress report format. Regular communication among
partners was maintained to ensure timely delivery of outputs, coordination between work packages and consistency of the technical approach. The Second
EMERGE Coordination Meeting was successfully held on 05 February 2026 (https://civil-protection-knowledge-network.europa.eu/news/emerge-project-
holds-2nd-coordination-meeting), contributing to the alignment of the consortium regarding completed activities, ongoing technical development and
upcoming tasks. Supporting materials related to the meeting are included in Annex A.

Under WP2 — Comprehensive Multi-Risk Assessment Platform for Needs Prioritization and Planning, the EMERGE WBP Architecture was approved during
the reporting period and provides the technical basis for further development of the web-based platform. Work continued on the EMERGE WBP beta
version, including preparation for the integration of exposure, vulnerability, resources and capacity datasets developed under WP3, as well as the near-real-
time ShakeMap outputs developed under WP4. This work remains central for transforming the methodological and technical outputs of the project into an
operational platform supporting rapid needs evaluation and planning in the cross-border region.

Significant progress was achieved under WP3 — CBR Exposure, Resources and Capacity Portfolio. All WP3 deliverables due in this reporting period were
completed, submitted and approved. These outputs cover socio-economic vulnerability, residential, commercial and industrial buildings, basic services and
transport infrastructure, and civil protection resources, capacities and capabilities. The approved WP3 deliverables provide essential input for the rapid
needs assessment and prioritisation process within the EMERGE platform. They also support the harmonization of cross-border exposure and capacity
information, which is one of the key preconditions for effective Multi-Risk needs evaluation and emergency planning.

Under WP4 — CBR Ground Shaking Map and Near-Real-Time ShakeMap Module, all deliverables due within the reporting period were completed,
submitted and approved. This includes the evaluation of strong-motion capacities and ORFEUS-EIDA integration, the CBR NRT ShakeMap Module, the
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ShakeMap Manual and the executive summary of the near-real-time ShakeMap module. These outputs represent an important technical achievement of the
project, providing the basis for near-real-time assessment following seismic events. The integration of strong-motion capacities and the development of the
ShakeMap module directly support the rapid estimation of earthquake impact and subsequent needs assessment in the cross-border region.

Dissemination and exploitation activities under WP5 — Dissemination, Exploitation, Training and Sustainability continued throughout the reporting period.
The deliverable on potential synergies with other UCPM projects was submitted and approved, supporting the positioning of EMERGE within the broader
UCPM and civil protection community. Project visibility continued through the UCPKN project webpage, social media channels, institutional communication
activities and participation in relevant professional and scientific events.

Beyond the scheduled coordination meetings, several additional online working meetings were held to strengthen technical collaboration, facilitate the timely
exchange of inputs, and ensure consistency across work packages. These meetings supported the coordination of technical activities related to exposure
and vulnerability datasets, the near-real-time ShakeMap module, and the further development of the EMERGE Web-Based Platform.

The project has also been actively promoted and represented through media visibility, international scientific events and professional networks, enhancing
outreach and fostering exchange with other EU-funded initiatives and expert communities. During the reporting period, the following dissemination and
visibility activities were carried out:

o [IOPTA3 (Newspaper PORTA3) (13 May 2026) (Annex B)
Article: “USBNNC Hocuten Ha npoektor EMERGE: Kako go no6p3s v nonameHTeH ogroBop no 3emjotpecu (IZIIS leads the EMERGE project:
Towards a faster and smarter response after earthquakes)”

e 4th International Conference on Resilience, Multi-Risk Assessment and Monitoring, Florence, Italy (16-19 June 2026) (Annex C)
Accepted paper and delivered oral presentation: “Rapid Multi-Risk Needs Evaluation as a Basis for Cross-Border Emergency Planning” (Salic
Makreska et al.)

e 18" European Conference on Earthquake Engineering, Berlin, Germany (14-18 September 2026) (Annex D)
3 Submitted papers: “Near Real-Time Shaking Information to Resource Prioritisation in Cross-Border Regions” (Salic Makreska et al.); “EMERGE:
A Web-Based Platform for Multi-Hazard Assessment and Early Crisis Response in the Cross-Border Region of North Macedonia, Albania and
Greece” (Borzi et al.); and “Assessing Social Vulnerability to Natural Hazards in Cross-Border Regions: The EMERGE Project” (Amendola et al.).

e 7th World Landslide Forum, Faridabad, India (23-27 November 2026) (Annex E)
Submitted Abstract: “Near Real-Time (NRT) earthquake induced landslide hazard and risk assessment” (Bojadjieva et al.)

The project website (civil-protection-knowledge-network.europa.eu/projects/emerge) and official project social media channels have been regularly
updated to enhance outreach and visibility:

e Facebook: EMERGE Project




Project: [101193586] — [EMERGE] — [UCPM-2024-KAPP-PVPP]
EU Grants: Progress report (UCPM): V1.0 — 23.02.2021

e Linkedln: EMERGE — Rapid Multi-Risk Needs Evaluation and Planning Platform

No critical risks have materialized during the reporting period. The project continues to be implemented in accordance with the Grant Agreement, and no
issues have been identified that would negatively affect the achievement of the project objectives.

Overall, EMERGE is progressing steadily toward its technical and strategic objectives. The successful submission and approval of all deliverables due in the
reporting period, together with the achievement of all milestones due during the same period, confirms that the project remains on track. The main inputs for
exposure, vulnerability, resources and capacity assessment, as well as near-real-time ground-shaking integration, are now available for the next stages of

WABP integration, testing, training and sustainability planning.

All approved deliverables classified as public are accessible and can be downloaded via the UCPKN project webpage at the following link:
https://civil-protection-knowledge-network.europa.eu/projects/emerge#inpage-section-outputs-results
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Timetable

Timetable (projects up to 2 years)

Fill in the planned implementation in beige and the deviations in red. Repeat lines/columns as necessary.

OCT-2025 MONTHS JUNE-2026
ACTIVITY

M1 M2 M3 M4 |M5|M6 M7 M8 M9 |M10 | M11 |[M12 |[M13 M14 [M15 M16 M17 f[M18 [M19 iIM20 M21 M22 |M23 |M 24
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=
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assurance (QA) and
S | | ]

Task 1.4 - Intellectual
Property Rights (IPR)

management and data
privacy

Task 2.1 - Best EU and
CBR Practices for
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and Needs Planning
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Implementation of
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management
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Development of Rapid
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Needs Assessment
Web-based Platform
(EMERGE WBP)

Task 2.4 - EMERGE
Platform Integration
(beta version)

Task 2.5 - EMERGE
Platform End Users
Testing

Task 3.1 - Population

Task 3.2 - Residential,
Commercial and
Industrial Buildings

Task 3.3 - Basic
Services and
Transport
Infrastructure

Task 3.4 - Resources,
Capacities and
Capabilities

Task 4.1 - CBR Ground
Shaking Map (GSM)

Task 4.2 - Integration
of CBR Strong Motion
Monitoring Capacities
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Task 4.3 - CBR Ground

HEEEEEEEEEEEN

Task 5.1 -
Dissemination,

Exploitation, and
Sustainability

Task 5.2 - Training and
workshops

Task 5.3 - Open
access journal

publications and
conferences

Delays
If there are delays, identify them, explain the reasons why and how you plan to manage those delays (catch-up with / avoid further delays, impact on timetable, etc.).

Overall, project implementation is progressing according to plan. All deliverables due within the reporting period, except the present D1.5 Second Project
Progress Report, have been submitted and approved, and all milestones due within the reporting period have been achieved.

A minor schedule adjustment has been introduced for D2.4 EMERGE WBP Beta Version, for which the due date has been shifted from 31 July 2026 to 31
August 2026. The adjustment is justified by the need to ensure additional technical alignment, integration of WP3 and WP4 outputs, and sufficient internal

testing before delivery of the beta version.

This delay is limited in scope and does not affect the overall project timetable or the achievement of project objectives. The Coordinator and the responsible
partners are managing the adjustment through regular technical coordination and follow-up meetings to ensure timely completion of the beta version and
smooth continuation of the subsequent testing, training and dissemination activities.

No other delays affecting the project implementation are reported for the current period.

11



Project: [101193586] — [EMERGE] — [UCPM-2024-KAPP-PVPP]
EU Grants: Progress report (UCPM): V1.0 — 23.02.2021

3. BUDGET IMPLEMENTATION

Budget implementation — Use of resources

Provide information on whether the budget consumption is in line with the advancement of the activities. Identify and
Jjustify any divergences.

Budget implementation is consistent with the advancement of project activities during the
reporting period. The main resources were used for personnel effort related to project
coordination, data collection and harmonisation, exposure and vulnerability assessment,
evaluation of civil protection resources and capacities, development and verification of the
near-real-time ShakeMap module, WBP development, dissemination and reporting activities.

No significant divergences from the planned budget are reported at this stage. During the
reporting period, one partner (AUTH) requested a limited internal reallocation of
approximately EUR 4,500 from the budget category Other Costs to Personnel Costs, due to
additional personnel effort required for the implementation of project activities. The
Coordinator reviewed the request in relation to the Grant Agreement and confirmed that such
a transfer can be accepted under Article 5.5 — Budget flexibility, which allows transfers
between budget categories without a formal amendment, provided that they do not imply any
substantial or important change to the Description of the Action in Annex 1. The Grant
Agreement also confirms that budget flexibility is allowed and that no flexibility cap applies.

The requested reallocation is limited in scope, remains within the existing approved budget
structure, and does not affect the planned implementation of the action. The additional
personnel costs must be directly linked to the EMERGE project activities, justified by the extra
work performed, and supported by the required records and documentation for reporting and
possible audit purposes. The concerned partner has also been reminded to ensure
compliance with the general eligibility rules under Article 6.1 and the specific eligibility rules
for personnel costs under Article 6.2 of the Grant Agreement.

The minor schedule adjustment related to D2.4 EMERGE WBP Beta Version is being
managed within the existing work plan and budget structure. No budget amendment is
required for the current reporting period.

At this stage, no major budgetary deviations have been identified by the Coordinator based
on the information available. The Coordinator will continue to monitor budget implementation
at consortium level and will remind all beneficiaries that they remain responsible for ensuring
the eligibility, justification and proper documentation of their declared costs in accordance
with the Grant Agreement. Detailed financial reporting will be provided by each beneficiary in
the periodic/final report, as required.

12
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ANNEXES
LIST OF ANNEXES
Annex A — 2nd Coordination Meeting Status Report (Thessaloniki, Greece), 5 February 2026
Annex B - Article in PORTA3, 13 May 2026
Annex C — 4th International Conference on Resilience, Multi-Risk Assessment and Monitoring, Florence, ltaly; 16-
19 June 2026, (Accepted paper)
Annex D — 18th European Conference on Earthquake Engineering, Berlin, Germany, 14-18 September 2026,
(Submitted Papers)
Annex E - 7th World Landslide Forum, Faridabad, India, 23-27 November 2026, (Submitted Abstract)
HISTORY OF CHANGES
PUBLICATION
VERSION DATE CHANGE
1.0 23.02.2021 Initial version (new MFF).
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Annex A
2nd Coordination Meeting Status Report
(Thessaloniki, Greece)

5 February 2026
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Executive summary

The EMERGE 2nd Coordination Meeting (MS2) was held in Thessaloniki at AUTH
(KEDEA) with 36 participants. In line with the Grant Agreement objective, the
consortium reviewed the financial and administrative status and discussed
implementation issues affecting successful delivery. The meeting confirmed overall
mid-term progress and highlighted key priorities for the next period: ensuring stronger
partner proactivity, strengthening engagement of national civil protection authorities,
and resolving cross-cutting constraints related to sensitive data
access/sharing/handling. Technical updates across WP1-WP5 confirmed steady
advancement of the EMERGE web-based platform, exposure and vulnerability layers,
and near-real-time shaking products, while identifying urgent items requiring
consortium follow-up (e.g., fragility model gaps and boundary inconsistencies). The
meeting concluded with agreed next steps toward integration, end-user readiness,
and planned dissemination/training activities.
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Date & venue: 05 February 2026, KEDEA (AUTH), Thessaloniki (hybrid).

MS2 objective: Presentation of the financial and administrative status of the project and
discussion of potential issues affecting successful project implementation.

Meeting Chair: Dr. Evi Riga

AGENDA-BASED MEETING STATUS REPORT AND SUMMARY

Welcome & Opening Remarks
Speakers: D. Pitilakis (AUTH), R. Salic Makreska (IZI1S)

Participants were welcomed and the MS2 purpose and flow were confirmed. The
Coordinator emphasized early identification of implementation risks, with particular
attention to engagement of national civil protection authorities (NCPAs) and to sensitive-
data constraints.

Part 1. General overview and status of project activities
Administrative & Financial Aspects
Speaker: R. Salic Makreska (IZI11S)

EMERGE aims to deliver a rapid multi-risk assessment and needs planning web platform
supporting disaster response. The overall budget and co-funding structure were
presented (EU contribution and institutional contribution). The mid-term status overview
covered deliverables and milestones.

Key administrative challenges and risks highlighted:

o Need for stronger proactivity by some WP/Task/Deliverable leads to avoid
slippage.

o Stronger engagement of NCPAs to ensure the platform meets operational needs.

o Sensitive data as a cross-cutting constraint affecting access, sharing and
handling.

Financial reminders included maintaining signed timesheets throughout the project and
retaining documentation proving institutional contribution. It was reiterated that the
remaining payment is released after completion and approval of the final report (post-
project evaluation period).

Group photo & Lunch

Informal partner networking and bilateral coordination discussions.
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Part 2. Work Packages & Technical Implementation
WP1 -Project Management
Speaker: R. Salic Makreska (IZI1S)

WP1 presented the project management framework: governance structure (Project
Management Board, Coordinator, WP Leads/Task Leads), and quality assurance
arrangements (Internal Review Panel and Quality Procedures Manual). The presentation
emphasized disciplined internal communication, timely partner inputs, and consistent
implementation of procedures—especially regarding sensitive-data handling and
documentation.

WP2 - Comprehensive Multi Risk Assessment Platform for Needs Prioritization and
Planning

Speaker: B. Borzi (EUCENTRE)

WP2 presented progress on the EMERGE Web-Based Platform (WBP) as an intuitive,
modular and expandable online tool supporting early response through near-real-time
seismic and landslide risk evaluation and needs planning.

Key enhancements compared to CRISIS:

o Exposure upgrade: addition of population and residential, commercial and
industrial buildings (beyond schools, hospitals and bridges).

o Hazard upgrade: integration of near-real-time ShakeMaps produced in WP4.

Updated vulnerability models aligned with the expanded exposure.

o Support to rapid response within 72 hours (building on CRISIS routing logic).

O

WP2 highlighted three open and urgent issues requiring consortium action:

1) Fragility models for structural typologies beyond RC frame and masonry (e.g., RC
shear-wall, steel, wood, precast).

2) Inconsistency in the area of interest due to discrepancies in Albania boundaries
between CRISIS and EMERGE layers.

3) Need for a code/tool to compute a near-real-time landslide scenario to be
included in the platform.

The landslide topic was framed as a defined development need (near-real-time scenario
tooling) rather than a finalized module.

WP3 - CBR Exposure, Resources and Capacity Portfolio
Speaker: C. Amendola (AUTH)

WP3 presented objectives and progress on: population distribution and socio-economic
vulnerability, exposure models for buildings/basic services/bridges, vulnerability
assessment and prioritization, and evaluation of NCPA
resources/capacities/capabilities.
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Social Vulnerability (SoVl): implemented at municipality level for Albania, Greece and
North Macedonia using seven thematic groups (population, education, economy, health,
infrastructure, habitat, governance/institutional capacity). Two weighting scenarios
were applied to address data heterogeneity. Health was highlighted as the most critical
and uniformly high-vulnerability dimension across the CBR.

Exposure portfolios were presented for residential/commercial/industrial buildings and
for schools, healthcare facilities and bridges. Resources/capacities data collection
progress and challenges were discussed, including variable response rates from
municipalities.

WP4 - CBR Ground Shaking Map
Speaker: I. Gjorgjiev (IZIIS)

WP4 presented progress toward a Near Real-Time ground shaking module, including
evaluation of strong-motion capacities, integration of networks with ORFEUS-EIDA, and
generation of ShakeMaps for use in WP2 needs assessment. SeisComP was presented
as the backbone for real-time processing, with ShakeMap-based methodology for near-
real-time shaking/intensity mapping.

An end-to-end workflow was presented: event detection and processing at IZIIS -
ShakeMap generation - outputs (GeoJSON) exposed via REST APl > ingestion by WP2
platform.

WP5 - Dissemination
Speakers: M. Baballéku (UPT)

WP5 reviewed dissemination, communication and exploitation activities, deliverables
and timeline. The strategy emphasizes visibility of EU support, stakeholder engagement,
synergies with other UCPM projects, and promotion of adoption of the WBP. Monitoring
indicators (newsletters, UCPKN visits, social media engagement, stakeholder events,
downloads, mentions/citations) were presented for mid-term tracking. Planned
scientific dissemination through conferences and papers was reviewed.

Next Steps & Final Comments
Speaker: R. Salic Makreska (IZI11S)

The Coordinator summarized priorities: improve proactivity of some WP/Task/DL leads;
strengthen NCPA engagement and resolve sensitive-data constraints; advance planned
visibility and scientific dissemination; and prepare the training workshop in Bitola
(September 2026) to present the beta platform and collect stakeholder feedback.
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Consolidated action points

Action

Sensitive data
handling / governance

WP2 fragility gap
solution (non-RC-
frame / non-masonry
typologies)

Albania boundary
inconsistency (CRISIS
vs EMERGE AOI)

Near-real-time
landslide scenario
tooling in WBP

WP4 > WP2
integration finalization
(ShakeMap products,

format, metadata, QC)

Resources/capacities
database completion
and harmonization

Dissemination/training

alignment (incl. Bitola
beta workshop)

Responsible
partner(s)

1ZIIS
(Coordinator/WP1) +
NCPAs (AL/GR/MK) +
EUCENTRE (WP2) +
AUTH (WP3)

EUCENTRE (WP2) +
AUTH (WP3) + 1ZIIS
(support as needed)

EUCENTRE (WP2) +
UPT (Albania partner)

EUCENTRE (WP2) +
1ZIIS (WP4) + AUTH
(WP3) + relevant
NCPAs
(requirements)

1ZIIS (WP4) +
EUCENTRE (WP2)

AUTH (WP3) +
NCPAs/municipal
focal points
(AL/GR/MK)

UPT (WP5) + 1ZIIS
(Coordinator) + all
partners

Due / timeframe

Next coordination
checkpoint (=4-6
weeks)

Before next platform
integration sprint

Before next platform
data freeze /
integration sprint

Before end-to-end
beta testing

Before end-to-end
workflow testing

Continuous; next
update within 1-2
months

Before workshop
planning finalization

Status

Open

Open

Open

Open

Ongoing

Ongoing

Ongoing



WP-01 | MS2 101193586 - EMERGE - UCPM-2024-KAPP-PV

Annex 1: Meeting Agenda

A-1
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Date:

Venue:

Agenda
2" Coordination Meeting

101193586 — EMERGE — UCPM-2024-KAPP

Thursday, February 05, 2026

Aristotle University Research Dissemination Center (KEDEA)
https://maps.app.goo.gl/’YLe2690HCNbM6mnc8

Virtual Meeting Link (alternatively):
https://authgr.zoom.us/j/98084430018?pwd=SkEZO0pHiGuz2)ZDqf9MVeVciPOcHBV. 1

12:00-12:10

Welcome & Opening Remarks
Dimitris Pitilakis (AUTH)
Radmila Salic Makreska (I1ZIIS)

Part 1. General overview and the status of the project activities

12:10-12:25

12:25-13:25

Administrative & Financial Aspects
Radmila Salic Makreska (1Z11S)

Introduction

Objectives of the Second Coordination Meeting
Project status and timeline

Administrative challenges and potential risks
Reporting and communication with PO
Discussion

Group photo & Lunch

Part 2. Work Packages & Technical Implementation

13:30-13:50

13:50-14:10

14:10-14:30

14:30-14:50

WP-1: Project Management
Radmila Salic Makreska (I1Z11S)

WP-2: Comprehensive Multi Risk Assessment Platform
for Needs Prioritization and Planning
Barbara Borzi (EUCENTRE)

WP-3: CBR Exposure, Resources and Capacity Portfolio
Chiara Amendola (AUTH)

WP-4: CBR Ground Shaking Map

A-2
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Igor Gjorgjiev (I1ZIIS)

14:50-16:10 WP-5: Dissemination
Markel Baballéku (UPT)

WP objectives, deliverables & timelines
Current activities

Challenges and potential risks
Discussion

16:10-16:20 Next Steps and Final Comments
Radmila Salic Makreska (I1Z1IS)

Key tasks and deadlines for the next months
Open discussion and final comments

16:20-16:30 Coffee Break
16:30-17:30 AUTH Lab visit
20:00-22:00 Common Dinner

U3
1ZIIS
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101193586 - EMERGE - UCPM-2024-KAPP-PV

WP-01 | MS2

2 | KieantSulce Mr. AKMC | On-site
4 |EviRige Dr. AUTH On-site
5 | Chiara Amendola Dr. AUTH On-site
6 | Sara Baruti Mrs. cMC On-site
7 | Merhije Rustemi Mrs. cMC On-site
8 | Stevko Stefanoski Dr. CMC virtual
9 | Barbara Borzi Dr. EUCENTRE | On-site
10 | Davide Quaroni M. EUCENTRE | On-site
11 | Antonelia Di Meo Mrs. EUCENTRE | virtual
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EUCENTRE virtual

101193586 - EMERGE - UCPM-2024-KAPP-PV

WP-01 | MS2

INFRATECH On-site

INFRATECH On-site

Dr. uss On-site

(R

Uss On-site

g
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Annex 3: Meeting Photos
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3a Hac Uwmnpecym Npernnara Mapketudr  KoWvakr  Apxuse  Ynarcrsoe sa ponuckuuu  KNYE HA NPUIATENU f MNpebapyBatbe... I:!
TPAJEXHWUUTBO
APXMTEKTVPA
EKONOrIA

HAC/IOBHA = BECTW  [PAZEXHUIUTBO  APXWTEKTYPA»  YPBAHWU3AM »  EKOJIOTMJA»  XOPTUKYNTYPA ~ APTWAM3AJH  CTAB  (OTO/BMAEO »

4 HacrnosHa / Bectn / UBNNC HocuTen Ha npoexktoT EMERGE: Kako Ao no6p3 1 monamMeHTeH 04roBop Mo
3emjoTpecu

W3NUC Hocwuten Ha npoekTor EMERGE: Kako 20 nobp3 1 nonamenTeH
0AroBOp N0 3eMjoTpecH

M3WWNC e HocuTen 1 ro KOOPAMHMPA MeryHapoAHUOT eBporcky npoekT EMERGE, koj pa3BuBa coBpeMeHa
nnatgopma 3a 6p3a npoLieHka Ha noTpebu, noaobpa koopaMHaLUKWja 1 jakHerbe Ha kanauuTeTuTe 3a
OAroBOp Ha 3eMjoTpecK 1 CBievmLlTa.

Kora Ke ce ciyumn cuneH 3eMjoTpec, BPEMETO € EAEH Of HAjKPUTUUHUTE dakTopu. Bo npeuTe Yacosu no
HaCTaHOT, MHCTUTYLMUTE Mopa 6p30 Aa OAroBOpaT Ha HU3a Mpaluaka: KOJKy nyre ce MoroAeHu, kage e
Hajronemata wTeTa, Kou 06jeKTv 1 yCryru ce 3arpo3eHu, Aanun nokasHWTe KanauuteTy ce A0BOSHW U fanu
e notpebHa fonoNHWUTENHa, Na U NpekyrpaHnyHa nomol. OAroBopoT Ha OBME Npallaka He cMee Aa
3aBWCM CaMO O/ MPOLIEHKaTa ,Ha TepeH", TyKy 1 04 HaBPEMEHW, CUrYPHU U CUCTEMaTU3NPaHN NOAATOLM.

KONIG

04 rnociiegHUTe rMoroaeMu 3eMjoTpecu Bo PervoHoT (Anbanwja, 2019)

TOKMy BO Taa Hacoka e HacoueH eBpornckuoT npoekT EMERGE co LenoceH Ha3ue Rapid Multi-Risk Needs
Evaluation and Planning Platform, unj koopanHaTop € MHCTUTYTOT 3a 3eMjOTPECHO UHXKEHEPCTBO U
nHxeHepcka cemsmornoruja (U3UUC) npu YHusepautetoT ,CB. Kupun n Metoauj" Bo Ckonje. MpoekToT e
duHaHcmpaH oa Eeponckata YHuja npeky Union Civil Protection Mechanism (UCPM), BO paMku Ha NOBUKOT
UCPM-2024-KAPP, a ce peanusunpa Bo nepunoaoT oz 1 deBpyapu 2025 po 31 jaHyapu 2027 roauvHa.

MpoextoT EMERGE MMa jacHa 1 mpakTvWdHa Lien: Aa pasBye OTBOpeHa, MoaynapHa Be6-nnatdopma koja ke
0BO3MOXWM 6p3a MyNTUPU3MK NpoLeHKa U NaHMpare Ha NoTpebuTte BO paHaTa (asza no katactpoda,
0cobeHO No 3eMjoTpecu 1 3eMjoTpecHO-Npean3BrnKaHn ceneuniuTa. oKycoT e CTaBeH Ha MUIOT-PEermoHoT,
NpeKyrpaHNYHUOT pernoH Mery CeBepHa MakeoHuja, AnbaHuja v Ipumja, NPOCTOP LWTO UCTOPUCKK €
U3NOXEH Ha CUITHU CEN3MUYKM BNiWjaHUja, @ BOeAHO 6apa 1 BUCOKO HWBO Ha KOOpAUHaLMja Mery coceHuTe
Ap>asu. Bo npoekToT ce paboTu TOKMY Ha Toa: HaykaTa, NoAATOLMUTE, MHCTUTYLMUTE U OonepaTuBHUTE
cnyx6u ia ce NoBp3aT BO eAHa (yHKLMOHaHa LiefMHa LWTOo Ke NoMorHe Bo nobp3o 1 noedykacHo
[lIOHecyBatrbe OfNyKN.

OHa LTO ro MpaBm OBOj MPOEKT 0COBEHO BPEAEH € LITO TOj HE OCTaHyBa CamMo BO PaMKUTE Ha HayyHa
aHanm3a WM TeopeTcko Moaenmparbe. HanpoTuB, MPOEKTOT e 3aMUC/IEH Kako anaTka LUTo Tpeba AMPeKTHO
[a UM MOMOTHE Ha UHCTUTYLMIUTE HAASIEXHM 33 KOOpAMHALMja 1 3aliTuTa U cracysate. HamecTo ga ce
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3acTaHe CaMo Ha npallarbeTo, OAHOCHO Ha OAroBOPOT ,kakga e onacHocTa", EMERGE oau yekop noHatamy
1 AaBa OAroBOP Ha MpaluarbaTa: LWTO 3Ha4M Taa OMacHOCT BO peasniHoCTa, KOsKaBu Moxe Aa buaat
nocneauuunTe, Kou NoTpebn ke ce nojaBaT BeAHaLl Mo HAaCTaHOT U Aanu NOCTOJHUTE PECYPCH M KamauuTeTu
ce [J0BOSIHM 3a Jja Ce OfroBOPU HaBpPeMeHO.

Bo cywTuHa, nnatdopmMata Tpeba Aa ja noBp3e forukarta onacHoCT — LUTeTU — MoTpebu — pecypcu. Toa
3Hauu [ieKa 3eMjOTPECOT He Ce pasryieflyBa camMo Kako MpUpOoAHa NojaBa, TYKy Kako HacTaH LUTo MoXe Aa
npeav3BuMKa XPTBU 1 MOBPEAEHM, OLITETYBarba Ha 06jeKTW, MPEKUH Ha BATAHM yciyrv, NpobnemMu co
NpUCTaNHOCT, JOMONHUTENEH NMPUTUCOK BP3 BOTHUYKMTE KanauuTeTu, notpeba of NpuBpeMeHO
CMeCTyBatbe U UTHU MHTEpBEHLMK. [10Toa, OBME NPOLIEHETM NOCNeanLM ce CropeayBaaT co
PacrosnoXIMBUTE YOBEYKM, TEXHUUKM W UHCTUTYLIMOHAIHM KanauuTeTy, 3a Aa ce YTBPAM Kaae nocTojat
NpasHWHW 1 KaAie eBEHTYANHO € NoTpebHa MOMOLL Of COCEAHUTE 3EM]U.

AT 415

MpoeKToT ce HaZloBP3yBa Ha NPeTX0AHMOT eBponcku npoekT CRISIS, ucto Taka npeasoaeH oa U3UUC, Ho
3Ha4YMTENHO UCTWOT ro Haarpaaysa. [loaeka CRISIS BocnocTaBu OCHOBA 3a MPeKyrpaHnyHa npoueHKa Ha
CEN3MUYKM PU3NK Kaj oapeaeHn kateropum Ha uHdpacTpyktypa, EMERGE ja npowuvpyBa oBaa pamMka KOH
roornepaTMBeH ¥ MOKOMM/IETEH cucTeM. HOBMOT mpucTan ondaka He camo yunnuwTa, 60HULM U MOCTOBM,
TYKY U CTaH6eHMW, KoMepumnjanHn v MHAYCTPUCKN 06jEKTK, KaKo 1 HaceneHue of COLMOEKOHOMCKa
paHnMBOCT. [JONOMHUTENHO, Ce BOCMOCTaByBa v 6asa Ha NoAATOLM 3a pecypcu, KanaunuTeTy 1 CnocobHOCTH
Ha MHCTUTYLMUTE 3a LUMBU/IHA 3alUTWTa, WTO ja MpaBu npoueHkaTa MHOry nobnucka Ao peanHuTe notpebu

E'lmerge

CRISIS pamka

NRT MynTu-xazapa npoueHxa |
(Kapta a 3aGpaysams Ma TRoTa)

? MynTH-%338pA NPOUSHKA ]

=P | MynTi-pu3nK npouenka ‘ blECEGacnhatita

MYNTH-PHINE NPOLIEHKA

1

KpajHu KopUcHALM
[CBR NCPAs)

Konuenm memodonozuja va EMERGE

OcobeHo e BaxHO WTo Bo EMERGE cunHo ce npeno3HaBa MakeIOHCKMOT NPUAOHEC, He caMo popManHo,
TYKY U CywTUHCKU. U3UNC e KoopanHATOP Ha NPOEKTOT M UMa LieHTpasiHa ynora BO HEroBoTo
KOHLeNTyanHo 06MKyBare, METOAOSOLIKMNOT pa3Boj, KOOpAMHaUujaTa Ha NapTHEpUTE ¥ NMOBP3yBaH-ETO Ha
Hay4yHUTe pe3ynTaTi co noTpebute Ha kpajHuTe kopucHuum. Mokpaj U3UWNC, oa Penybnvka MakenoHuja Bo
NPOEKTOT aKTUBHO y4ecTByBaaT v [MpekumjaTta 3a 3awTtuTa v cnacysare (A43C) v LieHTapoT 3a
ynpasyBatbe co kpuamn (LIYK), WwTo My faBa Ha NPOEKTOT CU/Ha HaLMOHAMHa U MHCTUTYLMOHaNHa noanora.
OBa e 0cobeHo 3HauajHO 3aToa LITO MOKaXyBa Kako Hay4YHOMCTpaXkyBauka yCTaHOBA M HaLMOHaNHN
VHCTUTYLUMM MOXAT 3aeAHNYKM Aa paboTaT Ha pelleHuja LWTO nMaaT AMPEKTHA MPMMEHa BO ynpaByBaHEeTO
CO pY3MLM U KPU3HU COCTOjOM.

APX1BA HA bPOEBU
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336
4 Sep 25
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22 Dec 25
KomnneTHa apxusa
HAJHOBW BECTU

IEA: CyampoT Ha BanMckmoT nctok rm

MeHyBa NpUopuTETUTE NpU M360POT Ha

€HepreTcku NpPoeKTU U napTHepw
08/06/2026

M3bpaHa e HajybaBaTa nnaxa Bo
EBpona 3a 2026 roanHa
08/06/2026

APXPWU[ HajaByBa HacTaH Bo Oxpua —
AHTWYKM TeaTap: aganTvBeH
KOHTUHYWTET"

08/06/2026

MoHa Jln3a pobuea cBOj MpocTop:
MobeaHNYKMOT NPoeKT 3a 06HOBa Ha
Nyep

08/06/2026

lMonoBHNUTE eNKETPUYHM aBTOMOGUN
CTaHyBaaT ce noyecT u3bop Ha
KynyBauuTe Bo EBpona

05/06/2026

CraH B0o bepnvH Koj n3rneaa Kako
My3€ej
05/06/2026

Mpenynpeaysarse, AeLaTa Ke
npecTaHaT Aa pasMuciyBaaT Moz
B/MjaHue Ha B — Ke BepyBaaT Aeka
2x2=5

05/06/2026

LS

Mirai House of Arches Bo MHauja:
CkynnTypanHa Buna wro nobeaysa
+40°C

05/06/2026

KnumatckuTe npoMeHn Ha
MeryHapozeH cya
04/06/2026

ENTSO-E ja npoueHun nogrotseHocTa

Ha eBPOMNCKNOT eNeKkTPOeHepreTckn

CUCTEM 3a MPETCTOJHOTO IETO
04/06/2026

Hajuutann Hepenasa HajkomeHTVpaHmn

Hackopo Bo cuTe HOBM aBTOMOGUNM BO
EY ke 6uae 3a00/DKUTENEH afKOTECTOT
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Mokpaj napTHepuTe oA MakefoHWja, KOH30PLMYMOT BKITy4yBa U PEHOMUPaHK MHCTUTYLIMU Of, MOBEKe
eBporcku 3emju. Bo npoekToT yyectByBaaT: EUCENTRE — European Centre for Training and Research in
Earthquake Engineering, Wtanuja; AUTH — Aristotle University of Thessaloniki, puuja; UPT-FCE —
Polytechnic University of Tirana, Faculty of Civil Engineering, Anbanuja; IUSS — University School for
Advanced Studies Pavia, Wtanuja; NOA — National Observatory of Athens, 'puuja; AKMC — National Civil
Protection Agency of Albania, AnbaHuja; PPI — Prepared International, lepmanuja; JBI — Janson Bridging
International BV, Xonanauja; v INFRATECH, Anbanuja. BakeaTta CTpyKTypa Ha napTHEPCTBOTO MOKaxyBa
fAexa EMERGE nMa cunHa HayyHa, MHCTUTYUMOHaHa M NpakTU4Ha OCHOBA, @ BOEAHO M jacHa eBporicka
AMMeH3Kja.

Mapmuep uHcmumyuyuu eo EMERGE

U3MUC
1ZIIS

D EUCENTRE

FOR YOUR SAFETY.

 TUSS

Scuola Universitaria Superiore Pavia

JANSON
BRIDGING

PREPARED i
COME ACROSS
MocebHa BpeAHOCT Ha NPOEKTOT € U jakHEeHETO Ha kanauuteTuTe. EMERGE He ce cBeayBa camo Ha
n3paboTka Ha nnatdopma, TyKy NpeTcTaByBa U NPOLIEC Ha yuyerbe, KOOpAMHaLMja ¥ UHCTUTYLIMOHAHO
noBp3yBatse. Mpeky paboTUIHNLM, TEXHUYKM COCTAHOLM, pa3MeHa Ha UCKYCTBa W 3aeHNYKM aKTUBHOCTH,
napTHepuTe paboTaT Ha pa3Boj Ha 3aeAHWUYKK NpUcTany 1 nogobpa MHTeponepabunHocT. Toa e ocobeHo
BaXXHO BO MPeKyrpaHnyeH KOHTEKCT, KaZie WTO pasnnyHuTe cuctemun, 6asm Ha nogaToum v
aAMUHUCTPATUBHM NPaKTUKN YeCcTo NpeTcTaByBaaT npeyka 3a 6p3a u ycornaceHa peakuuja. EMERGE
npuaoHecyBa TOKMY TyKa, BO CO3AaBakbe 3ae/jH1M4Ka OCHOBa 3a pa3buparbe, KOMyHUKaLmja v aenysare.

il

Adpuka 1 EBpona pasmucnyBaart 3a
n3rpasba Ha NOABOAHM TYHENN BPeAHU
Munnjapav espa

N360pHO 1 CBeyeHo cobpaHue Ha q

[ArKM no noeog 3naTH1oT jybunej

MoNoBHWUTE enKeTpUYHM aBTOMOBUNK
CTaHyBaaT ce noyect usbop Ha
KynyBauuTe Bo EBpona

[leHec Bo buTona rparaHcku ¢hopym 3a
ypeayBatbe Ha nnowTaaot ,roue
[OenyeB"

PacnuwaH e pervoHaneH CTyAeHTCKM
KOHKYpC ,EKOTOH 26" co HarpaaeH
doHa oa 30.000 espa

Ha ®akynteToT 3a An3ajH u
TEXHOMorum Ha meben v eHTepuep Bo
Ckonje roaviuHa nsnoxba Ha
CTyaeHTUTE

MpenynpeayBatbe, AeLata Ke
npecTaHaT Aa pasMuciyBaaT rnog
BUjaHWe Ha BU — ke BepyBaaT feka
2x2=5

Mpemuepa Bo LLaHraj Ha dpunmoT
,PynH1" Ha EneHa Yemepcka 3a
pectaBpaumjata Ha CMOMEHMKOT Ha
cnobogata Bo Koyanu

M3nox6a ,Mery Hac" — Bu3yenHa
npuKasHa 3a emnaTuja, Haaex u
KONEKTUBHA rpuxa

KOPWUCHW JIMHKOBY

+ CBETCKM CaeMM 3a rpafieXHULLITBO

+ CBeTcku caemu 3a Meben

- CBETCKV CaeMu 3a XOPTUKYNTypa
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Bropa pabotunHuya Bo ConyH, pumja (5.2.2026)

BO TOj KOHTEKCT, MHOIY 3Ha4YaeH € U CerMeHTOT MOBP3aH CO MpeXWTe 3a CUSTHW 3eMjOTPecH 1 pa3MeHaTa Ha
nozaToLmM BO peyncun peanHo BpeMe. [poekToT BKydyBa akTUBHOCTM 3a nofobpa nHTerpauumja Ha
pervioHanHuTe KanauuTeTu 1 HUBHO noBp3yBake co ORFEUS-EIDA, eBponckaTta MHgpacTpyKkTypa 3a
cen3MonoLLKM nogatoun. OBa He e camMo TEXHUYKM YeKop, TYKY CYLUTUHCKa NpuaobuBka 3a LenoT permoH:
nopobpu 1 Nobpsn noaaTouy 3a ABMXKEHETO Ha TIOTO, 3Ha4YaT nofobpa NpoLeHka Ha nocneavumTe, a Toa
AVMPEKTHO B/Mjae BP3 KBaNWUTETOT 1 6p3nHaTa Ha 0AroBopoT. 3a Penybnvka MakefoHWja, oBa npeTcTaByBa
1 3HayajHO MeryHapoAHO MO3ULIMOHMPake Ha HaLMOHAMHWTE KanauuTeTy BO MOLIMPOK €BPOMCKY KOHTEKCT.



EMERGE SM
Aatd LeHrap -‘.-.. fanmua

Tpumja

Mpexa 3a-CUNHU 3eMOoTpecK
@, Bo EMERGE nnardopmata

O MKD SM'cTanmum
O GRCSM cTanmum
O ALB SM craHuiya (4]

WA opISes

4

MpoekTtoT EMERGE 1CTOBpEMEHO NOKaXyBa W HELITO MHOMY BaXKHO: NMOArOTBEHOCTA He MOYHYyBa Mo
katacTpodata, TyKy npea Hea. 3aToa NPOEKTOT UMa U CUIHa NPEBEHTVBHA U NiaHepcka AuMeHsunja. OcBeH
3a 6p3a peakuuja Mo 3eMjoTPeCceH HacTaH, NiatdopMaTa Ke MoXe Aa Ce KOPUCTU U 3a NOATOTBUTENHU
cueHapuja, Bex6u, cumynaumm 1 noaobpo nnaHupare Ha MepKuTe 3a HaManyBarbe Ha pu3nKoT. Ha Toj
HauuH, EMERGE He e caMo anaTka 3a KpW3HM COCTOjoU, TYKY M MHCTPYMEHT 3a A0NTOPOYHO yHanpeayBarbe
Ha OTMOPHOCTa Ha PErnoHoT.

3a uutatenuTe Ha MOPTA 3, 0Ba e Ba)xHa nopaka, COBPEMEHOTO CrpaByBake CO KaTacTpodu Beke He ce
6a3upa camMo Ha UCKYCTBO M Jobpa Bosja, TyKy C& MoBeKe Ha MaMeTHO KOPUCTEHE Ha MOAATOLM, Hay4HM
MoZenu, AUruTanHn anaTku U npekyrpaHuyHa copaboTka. Bo eaHa TakBa cnmka, nuaepckara ynora Ha
M3UNC Bo npoekT kako EMERGE nMa 0cobeHo 3Hauere. Taa nokaxyBa Aeka MaKeJOHCKOTO 3HaeH-E,
eKcnepTu3a 1 MHCTUTYLMOHAMHO UCKYCTBO He Ce caMo [en Of PernoHanHuTe npouecu, TYKy 1 HUBEH
Aasuraren.

MpoekToT EMERGE BCYLWHOCT € NpuMep Kako eHa HayyHa uaeja Moxe Aa npepacHe BO NPaKTUYHO
peLLeHVe co AMpeKTHa onwTecTBeHa BpeAHOCT. Co NOBp3yBake Ha UCTPaXKyBakeTo, TEXHOIormjaTa u
VHCTUTYLMWTE, NPOEKTOT NPUAOHECYBa 3a Nobp3, noycornaceH 1 noMHdopMUpaH OAroBop BO MOMEHTH
Kora Toa e HajnoTpebHo. A Toa e BpeAHOCT WTO ja HaAMUHYBa pamKaTta Ha efileH NPOeKT 1 CTaHyBa
MHBecTMUMja Bo 6e36eHOCTa, NOArOTBEHOCTa U OTMOPHOCTA Ha LIENNOT PEervoH.

ABTop: npod. A-p PagMuna LIAJIMK-MAKPECKA, KoopanHaTop Ha EMERGE-npoekToT

MpeTtxoaHo: CnepHo:
[eHec Bo KomopaTa npe3eHTauuja Ha CraH BO PvM KOj rv uctakHysa Tparute
Anykonwrwwtan Schiico: ,OapxnvBoct 0f} NPETXOAHMOT XMBOT

Kaj cTapuTe u HoBWTE rpaabu, co
HOBaTa reHepauuja cucTemMm 3a
obBMBKa Ha 3rpagata”

CJIN4HM CTATUN
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RADMILA SALIC MAKRESKA

Abstract. EMERGE, the Rapid Multi-Risk Needs Evaluation and Planning
Platform, upgrades the CRISIS Web-Based Platform into a system for rapid
multi-risk assessment and needs planning supporting early crisis response in the
cross-border region of North Macedonia, Greece and Albania. The platform fo-
cuses on earthquakes and earthquake-triggered landslides and combines scenar-
io-based analysis with near real-time impact assessment. Compared with
CRISIS, EMERGE expands the exposure model from schools, hospitals and
bridges to include residential, commercial and industrial buildings, as well as
population, and introduces a Rapid Needs Assessment methodology tailored to
cross-border emergency management. The workflow includes pre-event prepa-
ration of harmonised hazard, exposure and vulnerability layers, and post-event
use of near real-time shaking information to estimate impacts and translate them
into urgent needs. These are compared with available resources and capacities



to identify response gaps and possible cross-border assistance requirements
within the first 72 hours after an event. Overall, EMERGE aims to strengthen
cross-border disaster management through faster, coordinated and evidence-
based response planning.

Keywords: Earthquake, Landslide, Multi-risk, Needs assessment, Disaster
management

1 Introduction, Geographic Focus and European Added Value

Europe has faced numerous damaging natural hazards, with major disasters often
exceeding the response capacity of a single country and therefore requiring cross-
border approaches [1]. In the wider Balkan region, earthquakes and related hazards,
notably landslides, remain among the most significant threats, as shown by recent
events in Albania (2019) and Croatia (2020). Common risk drivers, such as unplanned
urbanization, poor land management and weak regulatory enforcement, further in-
crease potential impacts.

Against this backdrop, the EMERGE project [2] aims to support rapid multi-risk as-
sessment and needs planning for early crisis response through near real-time seismic
and landslide risk evaluation [3]. Building on the CRISIS platform [4,5], EMERGE
extends the previous scenario-based approach towards a workflow that also supports
near real-time post-event impact estimation and rapid needs planning.
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Fig. 1. EMERGE pilot region: N. Macedonia-Albania-Greece cross-border region



The pilot region covers the cross-border area of North Macedonia, Albania and
Greece (Fig. 1), including 18 municipalities in North Macedonia, 17 districts in Alba-
nia and 14 municipalities in Greece. The region is exposed to strong earthquakes gen-
erated by active cross-border seismic sources [6,7] and is also susceptible to land-
slides triggered by seismic shaking [8,9].

EMERGE brings European added value through its cross-border scope, active in-
volvement of civil protection authorities, and integration of strong-motion stations
into the European Integrated Data Archive (EIDA) network, strengthening near real-
time seismic data sharing in South-eastern Europe. The project contributes to the
EU’s disaster resilience goals [10] and supports improved use of disaster risk infor-
mation for preparedness and response [11].

2 Conceptual Framework for Multi-Risk Needs Assessment

The EMERGE conceptual framework (Fig. 2) supports near real-time situational
awareness and rapid prioritisation of response actions in the cross-border region.
Building on the CRISIS platform, EMERGE extends the approach into a comprehen-
sive tool for rapid multi-risk assessment and needs planning by linking hazard, expo-
sure, expected impacts and available response capacities within a unified web-based
environment. The objective is to provide timely information on immediate needs,
available resources and coping capacity, supporting evidence-based early crisis man-
agement and prioritisation.

EMERGE Framework
(Ground Shaking Map)

l NRT Muiti-hazard assessment

CRISIS Framework

NRTComprehensive
multi risk assessment

—3 Multi-risk assessment

End Users
(CBR NCPAs)

v

Fig. 2. EMERGE conceptual framework (source: Salic et al., 2025 [3])



2.1 Core modules and information flow

EMERGE integrates three interlinked modules (Fig. 2): (1) multi-hazard assessment,
focusing on earthquakes and earthquake-induced landslides; (2) multi-risk assess-
ment, combining hazard, exposure and vulnerability to estimate impacts; and (3)
needs assessment, translating impact estimates into priority needs for crisis manage-
ment and cross-border coordination. The modules are linked through a single work-
flow in which hazard information feeds impact estimation, and impact estimation
feeds operational needs assessment.

To support rapid decision-making within the first 72 hours after an event [12], the
workflow is structured into pre-event and post-event components (Fig. 3). The pre-
event component prepares harmonised hazard, exposure, vulnerability and capacity
datasets for the cross-border region. The post-event component activates these da-
tasets using near real-time shaking information, producing rapid estimates of damag-
es, casualties and service disruption.

EMERGE RNA METHODOLOGY
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Fig. 3. Conceptual framework of the EMERGE Rapid Needs Assessment integrating hazard,
exposure, impact estimation and emergency prioritization (source: EMERGE Deliverable D2.2

[12)

Within this framework, the multi-hazard module combines the harmonised earthquake
and landslide hazard basis with near real-time strong-motion observations and shak-
ing information, supported by integration of strong-motion instruments into EIDA.
The resulting shaking field is propagated through the vulnerability models of exposed
assets, enabling event-based impact estimation.

The multi-risk module synthesizes impacts across buildings, basic services, transport
infrastructure and population. These outputs form the direct input to the Rapid Needs
Assessment module, which compares estimated consequences, such as casualties,
building damage, reduced hospital functionality, sheltering demand and accessibility
constraints, with available resources, capacities and capabilities across the cross-
border region. This enables identification of shortages in critical response functions
and helps indicate where cross-border assistance may be required [13].



2.2 EMERGE enhancements beyond CRISIS

EMERGE upgrades the CRISIS approach by transforming deterministic/probabilistic
hazard components into near real-time multi-hazard assessment, strengthening needs
assessment into rapid post-disaster needs assessment, and expanding risk assessment
beyond basic services and transport infrastructure to include population and the
broader building stock. The web-based platform (Fig. 4) is designed as a directly usa-
ble tool for civil protection authorities during emergencies, following a modular ar-
chitecture that supports interoperability through widely adopted GIS standards and
web services and enables future extensions to additional hazards, assets and spatial

coverage.

Uipioad custom exposure

B &
Fig. 4. Example of the EMERGE web-platform environment for layered visualisation
and rapid interpretation of event-related information — in development (source: Borzi

et al. 2026 [23]

3 Cross-Border Exposure and Vulnerability Portfolio

A robust multi-risk needs assessment requires a harmonised exposure and vulnerabil-
ity portfolio across the cross-border region. In EMERGE, this portfolio includes: (1)
socio-economic vulnerability of the population [14]; (2) exposure and structural vul-
nerability of the building stock [16]; (3) exposure and fragility of basic services and
transport infrastructure [21]; and (4) civil protection resources, capacities and capabil-
ities [13]. Together, these components provide the basis for moving from hazard in-
formation to impact estimation and from impact estimation to needs prioritisation
within the Web-Based Platform.

3.1 Socio-Economic Vulnerability of the CBR

EMERGE establishes a harmonised Population—Socio-Economic Vulnerability Data-
base for Albania, Greece and North Macedonia [14]. The assessment follows the So-



cial Vulnerability Index framework [15] and aggregates 35 indicators into seven di-
mensions: Population, Education, Economy, Health, Infrastructure, Habitat, and Gov-
ernance and Institutional Capacity. Two weighting scenarios were applied to address
cross-country differences in data availability and relevance: Scenario S1 uses com-
mon indicator-importance weights with country-specific data-quality weights, while
Scenario S2 applies country-specific weights for both importance and data quality.
Results indicate generally higher social vulnerability levels in Albanian municipalities
and greater sensitivity to weighting assumptions in North Macedonia, with the Health
dimension consistently emerging as critical. These vulnerability layers are used in
EMERGE not only to describe pre-existing territorial differences across the cross-
border region, but also to support the interpretation and prioritisation of post-event
impacts, especially where similar physical damage levels may lead to different emer-
gency needs because of different social conditions and coping capacity.

3.2  Residential, Commercial and Industrial Buildings

A harmonised cross-border exposure model for residential, commercial and industrial
buildings was developed using available national datasets (statistical office records
and census data), European sources including the European Seismic Risk Model [17],
and other publicly available documentation at municipality level, without field inves-
tigations [16]. The inventory includes 399,022 residential buildings (148,392 in North
Macedonia; 135,755 in Greece; 114,875 in Albania), 18,237 commercial buildings
(9,929 in North Macedonia; 8,201 in Greece; 107 in Albania), and 5,666 industrial
buildings (4,324 in North Macedonia; 1,242 in Greece; 100 in Albania). Seismic fra-
gility models for these building classes are cross-border harmonised and follow the
CRISIS methodology [18] together with the updated SP-BELA fragility curves
[19,20].

3.3  Basic Services and Transport Infrastructure

EMERGE refines and harmonizes the exposure and vulnerability model for basic
services and transport infrastructure, focusing on schools, hospitals/health-care struc-
tures and road bridges [21]. Exposure harmonization for schools and hospitals is per-
formed using the GEM Building Taxonomy [22], while bridges are classified consist-
ently according to reinforced concrete bridge structural system and number of spans.
The inventory prioritizes assets located in or near larger cities, serving significant user
populations and therefore critical for emergency response and service continuity. In
total, 787 school buildings (58 in North Macedonia; 63 in Greece; 666 in Albania), 56
health-care structures (16 in North Macedonia; 9 in Greece; 31 in Albania), and 334
bridges (128 in North Macedonia; 16 in Greece; 190 in Albania) are mapped. Fragili-
ty models for basic-service buildings are harmonised following the CRISIS frame-
work and updated SP-BELA curves [19,20], while bridge fragility modelling remains
consistent with the CRISIS approach [18].



Within the EMERGE workflow, these exposure and fragility datasets support rapid
estimation of damage patterns and service disruption immediately after an event, thus
providing essential input to the needs assessment phase.

3.4  Civil Protection Resources, Capacities and Capabilities

EMERGE addresses the operational response dimension through assessment of civil
protection resources, capacities and capabilities across the cross-border region [13].
Resources include personnel, equipment, facilities, knowledge and funding; capacities
reflect institutional ability to mobilise and coordinate resources; and capabilities rep-
resent the ability to perform key response functions such as search and rescue, medi-
cal aid, evacuation and damage assessment. A dedicated database structured around
twelve key attributes mapped to the Rapid Needs Assessment metrics was developed
using project data, national civil protection authorities and publicly available sources.
The database includes, for example, the distribution of schools, hospitals and shelters,
hospital bed capacity, medical staff and first-aid vehicles, and temporary sheltering
capacity. Its function within the EMERGE framework is not limited to inventorying
available assets. Rather, it provides the operational reference layer against which
modelled impacts are evaluated. This enables direct comparison between estimated
needs derived from impact modelling and available response capacity, sup-porting
identification of response gaps and potential requirements for cross-border assistance
within the first 72 hours after an event. Accordingly, if the post-event impact estima-
tion indicates concentrations of injured population, severe service disruption or in-
creased sheltering demand in specific municipalities, these outputs can be compared
with the local and regional availability of medical, sheltering and emergency support
resources. This supports prioritisation of response actions and highlights where rein-
forcement from neighbouring areas or cross-border mechanisms may be needed.

4 Discussion and Conclusions

This paper presented the EMERGE conceptual framework for near real-time multi-
risk assessment and rapid needs planning in the cross-border region of North Mace-
donia, Greece and Albania. By expanding the CRISIS platform with additional expo-
sure categories (residential, commercial and industrial buildings, and population),
harmonised socio-economic vulnerability layers, and a structured portfolio of civil
protection resources, capacities and capabilities, EMERGE advances towards an op-
erational Rapid Needs Assessment workflow supporting early response coordination.

A central contribution of the proposed framework is the explicit connection between
the three modules of the platform and their organisation into pre-event and post-event
components. In the pre-event component, EMERGE develops harmonised hazard,
exposure, vulnerability and capacity layers for the cross-border region. In the post-
event component, near real-time shaking information is used to estimate impacts,
which are then translated into urgent needs and compared with available response



capacity. This workflow clarifies how the platform moves from hazard assessment to
impact estimation and from impact estimation to operational prioritisation.

A key added value of EMERGE is the explicit linkage between expected impacts and
available response capacity, enabling prioritisation of affected areas while also identi-
fying potential resource gaps and requirements for cross-border assistance within the
first 72 hours after an event. Integration of strong-motion stations into the European
Integrated Data Archive network further supports near real-time hazard information
exchange and improves interoperability of seismic monitoring in South-eastern Eu-
rope.

The work also highlights typical constraints of cross-border applications, including
heterogeneous national datasets, differences in administrative structures and asset
inventories, and variable data completeness. Since the approach is designed for rapid
decision support, it prioritizes consistency and operational usability over highly de-
tailed local-scale modelling; these limitations are addressed through the modular de-
sign of the Web-Based Platform, allowing progressive updates of datasets and mod-
els.

Overall, EMERGE extends the CRISIS platform into a comprehensive framework for
near real-time multi-risk assessment and rapid post-disaster needs planning. Its key
contributions are: (i) a harmonised cross-border portfolio integrating socio-economic
vulnerability, population distribution, buildings, basic services and transport infra-
structure, and civil protection resources; (ii) a Rapid Needs Assessment workflow
supporting prioritisation of urgent needs and identification of response gaps within the
first 72 hours; and (iii) implementation within a modular and interoperable platform
designed for replication and scaling.

At the time of writing, EMERGE remains in the implementation phase, with 12 of 24
months completed; next steps therefore focus on full platform integration, pilot testing
and validation with end-users, and refinement of the workflow to strengthen opera-
tional uptake and cross-border emergency preparedness.
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Abstract

Rapid emergency decision-making often suffers from a gap between hazard information, impact
estimation, and actionable planning, especially in cross-border regions where coordination, data
availability, and response capacities differ. This contribution presents a web-based approach,
developed within the EU project EMERGE, that couples earthquake and earthquake-triggered
landslide hazard information with rapid impact and needs planning for a cross-border region
spanning North Macedonia, Greece, and Albania. Building on an earlier platform concept
developed within the EU project CRISIS, the exposure representation is expanded from a limited
set of assets to a broader portfolio covering seven exposure categories (schools, hospitals,
bridges, residential, commercial, industrial buildings, and population). A rapid needs assessment
workflow is introduced to translate estimated impacts into operational outputs, supported by: (i)
socio-economic vulnerability profiling and population distribution mapping, (ii) a structured
inventory and evaluation of civil protection resources, capacities, and capabilities, and (iii) a
prioritisation rationale that supports intervention planning and decision-making. These elements
are integrated within a needs-assessment web platform that leverages near-real-time ShakeMap
information, linked to regional strong-motion instrumentation of the ORFEUS-EIDA network.
In addition to improving the consistency of cross-border situational awareness, the approach is
designed to support faster interpretation of event consequences in the critical early response
phase and to facilitate comparison between expected needs and available response capacities. It
therefore strengthens the connection between scientific risk information and the practical
requirements of emergency coordination and resource prioritisation. The proposed workflow
supports faster, more comparable cross-border situational awareness and enables coordinated
response planning, while offering a replicable model adaptable to other multi-risk regions.

Keywords: earthquake, landslide, near-real-time, rapid needs assessment, cross-border planning
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1- INTRODUCTION

Europe continues to face disasters whose impacts often exceed the administrative and operational capacity of
a single country. This is particularly evident where strong natural hazards interact with dense exposure,
vulnerable communities, and uneven response capacities across neighbouring territories. In such settings,
effective emergency management depends not only on understanding hazard and risk, but also on translating
this knowledge rapidly into operational priorities. This challenge is especially relevant in the Balkan region,
where earthquakes and associated collateral hazards, notably landslides, have caused severe losses over time
and where levels of prevention, preparedness, and interoperability still vary across countries [1,2].

The cross-border area shared by North Macedonia, Albania, and Greece is a representative example of
this problem. Active tectonic structures affect the region across national boundaries, while mountainous terrain,
settlement patterns, and infrastructure networks create conditions in which earthquake impacts may be
amplified by slope instability, accessibility disruption, and stress on civil protection systems. This is
particularly important in the studied regional setting, where strong earthquakes may be accompanied by
earthquake-induced landslides, requiring hazard and risk information that explicitly incorporates both effects
within a harmonised cross-border framework [2,3].

Earlier work under the CRISIS project established a harmonised cross-border methodology for multi-
hazard risk assessment of basic services and transport infrastructure, together with a WebGIS environment for
regional integration of hazard, exposure, vulnerability, and needs-related information [4,5]. EMERGE builds
directly on this foundation, while extending it towards a more operational framework for rapid post-event needs
assessment, prioritisation of interventions, and support to cross-border emergency planning. In parallel, the
project retains continuity with related UCPM efforts such as INFRA-NAT and ISRA, thereby combining
infrastructure-risk logic, cross-border platform development, and stakeholder-oriented disaster-risk
communication [2,14] (Figure 1).
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Figure 1. Storyline of recent related UCPM efforts and the positioning of EMERGE as an operational
advancement of earlier project results [2]

A central premise of EMERGE is that early emergency decision-making requires reliable and timely
information that can connect hazard, impact, and coping capacity. For this reason, the framework combines
harmonised hazard and exposure data with additional layers describing population distribution, social
vulnerability, and civil protection resources, capacities, and capabilities [6—12]. It further strengthens the near-
real-time dimension through the integration of strong-motion capacities in the cross-border region and their
linkage to ORFEUS-EIDA, improving the basis for event-specific shaking information and post-event
interpretation [2,13].

The geographical focus of the framework is the cross-border region of North Macedonia, Albania, and
Greece, illustrated in Figure 2, which provides the spatial context for the methodological and operational
developments presented in this paper. The figure highlights the regional scope of the study and underlines the
transboundary nature of the targeted hazard and response environment.

The development of EMERGE should also be understood within a broader progression of related
UCPM-supported efforts in the region. As illustrated in Figure 1, earlier initiatives addressed complementary
dimensions of resilience, including infrastructure-focused vulnerability and prioritisation, harmonised cross-
border seismic and landslide risk assessment, and seismic risk awareness and communication. EMERGE builds
on this accumulated experience while moving one step further towards near-real-time impact interpretation,
rapid needs assessment, and prioritisation of response resources in the early post-event phase [2,14].
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Figure 2. EMERGE pilot region: N. Macedonia-Albania-Greece cross-border region

2- EMERGE FRAMEWORK FOR RAPID CROSS-BORDER NEEDS ASSESSMENT

The methodological backbone of EMERGE is a rapid needs assessment approach organised as a sequence
explicitly connecting hazard information, exposure and vulnerability data, damage and loss estimation, and
rapid needs assessment [6]. This logic reflects a key principle of the framework: timely and reliable information
is a prerequisite for prioritising measures and allocating available resources during the earliest post-event
period [2,6]. Rather than treating hazard, impact estimation, and emergency planning as separate analytical
exercises, EMERGE combines them within a single operational workflow.

In its pre-event component, the framework prepares the layers required for rapid activation after an
earthquake. These include: (i) hazard layers for earthquakes and earthquake-induced landslides, (ii) exposure
layers for buildings, basic services, transport infrastructure, and population, (iii) vulnerability characterisation
for the exposed assets, (iv) social vulnerability information describing demographic and socio-economic
sensitivity, and (v) structured information on available resources, capacities, and capabilities of civil protection
authorities [6—12]. Once an event occurs and near-real-time shaking information becomes available, the post-
event component is activated. Damage and loss estimates are then translated into urgent needs and assessed
against available response capacities within the critical 72-hour response window [6].

The overall methodological chain adopted in EMERGE is summarised in Figure 3. As shown in the
figure, the framework is organised as a connected sequence in which pre-event data preparation supports post-
event activation, thereby linking hazard input, exposure and vulnerability characterisation, damage and loss
estimation, and rapid needs evaluation into a single operational structure.

EMERGE RNA METHODOLOGY
ea‘mquake e'/e/,,
PRE - EVENT POST - EVENT
[ 1 [ ]
EXPOSURE HAZARD DAMAGES RAPID NEEDS
LAYER LAYER AND LOSSES ASSESSMENT

we HE S .8

72 hours response

Figure 3- Methodological workflow of the EMERGE framework for rapid cross-border needs
assessment [6]
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This stepwise structure also clarifies the main upgrade relative to CRISIS. The earlier framework
established the regional multi-hazard and multi-risk basis for schools, hospitals, bridges, and viaducts in the
North Macedonia—Albania—Greece cross-border region [4,5]. EMERGE extends this logic in three main
directions (Figure 4): first, by moving towards near-real-time multi-hazard activation; second, by upgrading
needs assessment into a rapid post-disaster decision-support process; and third, by broadening the exposure
and response-information base to reflect the wider built environment, the affected population, and the coping
capacities of civil protection systems [2,4—7].
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Figure 4 - Main upgrades from the CRISIS framework to the EMERGE rapid needs assessment
platform

From a methodological perspective, the platform is therefore conceived not as a simple repository of
scenarios or maps, but as a chain of interoperable modules. Hazard information feeds event-specific impact
estimation; impact estimation feeds rapid needs identification; and identified needs are evaluated against
available resources and capacities in order to support prioritisation, gap identification, and, where necessary,
cross-border assistance [6,11,12]. This progression is central to the EMERGE concept and gives the framework
its operational relevance for both preparedness planning and early crisis management [2,6].

The basis of hazard itself follows a harmonised cross-border logic that combines earthquake and
earthquake-induced landslide information, drawing on recent methodological developments for regional-scale
landslide hazard and risk integration [3]. This is important because, in the studied area, the operational
consequences of an earthquake may depend not only on direct shaking impacts but also on terrain instability,
accessibility problems, and the cascading effects of disrupted connectivity.

3- CROSS-BORDER DATA BASIS FOR THE EMERGE PLATFORM

A major share of the EMERGE added value lies in the extent and harmonisation of its cross-border data basis.
The framework is not constructed around a single inventory or a single hazard layer, but around several
interdependent datasets that together support a more realistic representation of post-event conditions. This
broader structure reflects one of the core ideas of the framework: rapid needs planning becomes meaningful
only when exposure, vulnerability, social conditions, and available response capacities are considered together
rather than alone [2,8—12].

The integrated EMERGE portfolio extends well beyond the critical-facility scope of the earlier
CRISIS framework and includes both the broader building stock and the main basic-services and transport-
infrastructure assets. The scale of the current cross-border portfolio is summarised in Table 1, which describes



ECEE2926+

18th European Conference on Earthquake Engineering

the country-by-country distribution of the principal exposed asset classes currently incorporated in the
framework [8,9].

Table 1. Main components and indicative scale of the EMERGE cross-border asset portfolio

North . . .
Asset category Macedonia Greece | Albania Total | Main purpose in EMERGE
Residential Broader built-environment
1 148,392 135,755 114,875 399,022 | exposure and impact
buildings L
estimation
Co.mr.nercml 9.929 8.201 107 18.237 Repr.esentatlon o~f economic
buildings activity and service disruption
Industrial Representation of production-
e 4,324 1,242 100 5,666 | related exposure and
buildings . .
disruption
Assessment of basic-service
Schools 58 63 666 787 | vulnerability and emergency
needs
Hospitals / Assessment of critical service
health-care 16 9 31 56 | continuity and medical-
structures response pressure
Bridges / viaducts 128 16 190 334 | Accessibility, connectivity,
and transport disruption

As shown in Table 1, the largest component of the portfolio is the general building stock, comprising 399,022
residential, 18,237 commercial, and 5,666 industrial buildings across the three-country cross-border region,
while the basic-services and transport-infrastructure branch includes 787 schools, 56 health-care structures,
and 334 bridges/viaducts [8,9]. This scale is important because it demonstrates that EMERGE moves beyond
a narrow critical-infrastructure screening logic towards a broader and more operationally relevant
representation of the affected territory.

The first major part of this data basis concerns the exposure and vulnerability model. In addition to
the asset categories already addressed in CRISIS, EMERGE develops a broader portfolio by incorporating
residential, commercial, and industrial buildings across the cross-border region [8]. This extension allows the
framework to move beyond critical facilities alone and to reflect the wider built environment affected by strong
earthquakes. At the same time, the exposure basis for schools, hospitals, bridges, and viaducts is updated and
refined, ensuring continuity with the earlier framework while improving consistency and regional
comparability [9]. These two exposure branches together provide the physical basis for estimating direct
impacts on buildings, services, and transport infrastructure.

A second key layer is the social vulnerability component developed through the Social Vulnerability
Index (SoVI) framework [10,15]. In EMERGE, the SoVI approach is adapted to the cross-border region and
built from 35 indicators grouped into seven thematic dimensions: Population, Education, Economy, Health,
Infrastructure, Habitat, and Governance and Institutional Capacity [10]. This layer is essential because similar
levels of physical hazard and structural impact may produce different human and operational consequences
depending on demographic structure, socio-economic conditions, institutional performance, and service
availability.

The third major data branch concerns resources, capacities, and capabilities for disaster and
emergency response. EMERGE develops a structured cross-border database to support comparison between
urgent needs and available means of response [11,12]. In this context, resources refer to personnel, equipment,
facilities, and other tangible assets; capacities refer to the ability of institutions and systems to organise,
mobilise, and sustain those resources; and capabilities refer to the demonstrated ability to perform critical
response functions such as search and rescue, evacuation, medical support, or damage assessment under real
disaster conditions [11,12]. The database is intended to support gap identification and possible cross-border
assistance requirements.

Taken together, these layers provide a broader and more realistic analytical base for rapid needs
planning than the earlier CRISIS environment. Physical exposure and fragility indicate where damage is likely
to occur; social vulnerability indicators help explain how similar physical impacts may translate into different
levels of human consequence; and the resources-capacities-capabilities inventory provides the basis for
understanding whether or not the estimated needs can be met within the cross-border system [8—12]. In this
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sense, the EMERGE data basis is not simply larger than before; it is qualitatively closer to the information
structure required for operational prioritisation.

The nature of this transition from CRISIS to EMERGE is also consistent with the project progression
illustrated in Figure 1, which highlights the conceptual and operational shift from earlier cross-border risk-
assessment efforts towards a framework more explicitly oriented to rapid post-event decision support [2,14].

4- CBR STRONG-MOTION NETWORK INTEGRATION AND NEAR-REAL-TIME
SHAKING INPUT

Given that the title and purpose of this paper emphasise near-real-time shaking information, the strong-motion
component deserves dedicated treatment. Accurate and timely data are a prerequisite for effective early crisis
management [2], and the EMERGE framework translates that principle into a concrete regional integration
effort focused on strong-motion capacities across the cross-border region [13]. The role of this component is
not only technical; it underpins the credibility of the post-event activation chain by improving the event-specific
basis on which damage, losses, and urgent needs are inferred.

The current strong-motion basis of the framework builds on the documentation and evaluation of
monitoring capacities in Greece, North Macedonia, and Albania and on the identification of how these
capacities can support the cross-border needs-assessment chain [13]. In Greece, the framework draws on the
broader accelerometric environment available through EIDA@NOA. In North Macedonia, it builds on the
long-established UKIM-IZIIS strong-motion network, whose capacity has been strengthened over time through
previous regional and international initiatives. In Albania, it incorporates the national strong-motion network
and evaluates candidate stations with respect to the cross-border region [13]. This documentation step is
important because the reliability of near-real-time shaking input depends on actual station performance,
accessibility, and interoperability rather than on conceptual assumptions alone.

The regional integration achieved through this effort is shown in Figure 5, which presents the
integrated strong-motion monitoring capacities relevant to the EMERGE framework. The figure visually
supports the transition from national monitoring capacities to a more connected cross-border basis for event-
specific shaking input and operational use.

EMERGE SM
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Greece

@) EMERGE platform SM Network
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Figure 5- Integrated strong-motion monitoring capacities in the cross-border region supporting near-
real-time shaking input for EMERGE [13]
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The main advancement, however, is the integration of North Macedonian stations into the ORFEUS-
EIDA framework through NOA’s regional node, together with real-time data-sharing arrangements for selected
stations in the broader cross-border setting [13, 14]. This development adds a direct European dimension to the
framework and corresponds closely to the added value: strengthening regional seismic-data interoperability
while improving the availability of information needed for rapid response support [2,13]. In the EMERGE
workflow, such integration is essential because it improves the basis for near-real-time shaking input that can
trigger and update the rapid needs-assessment process.

For the purposes of the present paper, the strong-motion component should therefore be understood
as an enabling layer of the wider needs-assessment framework. Its significance lies less in the seismological
description of the networks themselves than in its operational effect: it makes the transition from pre-defined
scenarios to near-real-time activation more credible, more regionally interoperable, and more useful for post-
earthquake decision support [13].

5- WEB-BASED IMPLEMENTATION AND OPERATIONAL RELEVANCE

The EMERGE Web-Based Platform provides the operational environment through which the integrated results
of the framework can be accessed, visualised, and interpreted in support of preparedness and early post-event
decision-making [7]. Its main added value lies not simply in web-based accessibility, but in the ability to
organise cross-border information within a common interface that supports rapid situational awareness and
more comparable interpretation across countries and institutions.

From a technical perspective, the platform is designed as a modular web-based environment
combining browser-based accessibility with the capabilities of geographic databases and standards-based web
services. This architecture supports layered geographic visualisation, structured updating of spatial datasets,
and interoperability between frontend and backend components, thereby enabling the integration of hazard,
exposure, and needs-related information within a common operational interface [7].

From an operational perspective, one of the key innovations of the platform is the demand-capacity
matching logic embedded in its workflow. The objective is not limited to visualising hazard or damage patterns,
but extends to identifying priority needs, highlighting potential shortages, and indicating whether available
local or national capacities are likely to be sufficient during the first response period [6,11,12]. This is a critical
distinction, because emergency decisions depend not only on the severity of physical impacts, but on how those
impacts translate into concrete response requirements.

An example of the EMERGE web-platform environment is shown in Figure 6. The figure illustrates
the layered visualisation logic of the platform, in which hazard-related outputs, exposure information, and
needs-oriented datasets can be interpreted together within a common operational interface. In this way, the
platform supports a transition from raw event information toward structured situational awareness and rapid
interpretation for emergency decision-making [7,11-13].
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Figure 6- Example of the EMERGE web-platform environment for layered visualisation and rapid
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The operational significance of this approach becomes clearer when viewed in relation to the earlier
CRISIS framework. While CRISIS demonstrated the feasibility of harmonised cross-border GIS-based risk
assessment for selected infrastructure classes [4,5], EMERGE advances this basis towards a more decision-
support-oriented structure by incorporating broader exposure categories, social-vulnerability information, civil
protection resource inventories, and near-real-time activation through strong-motion integration [2,6—13]. As
already illustrated by the project storyline in Figure 1, this progression positions EMERGE as a targeted
operational advancement within a broader continuity of UCPM-supported work [2,14].

This development has broader relevance within the UCPM context. EMERGE shows how scientific
risk information can be translated into more operationally meaningful support for civil protection authorities
when datasets, methodologies, and response-oriented logic are brought together within a common cross-border
environment [1,2,6]. In this sense, the platform addresses not only the technical challenge of integrating
heterogeneous datasets, but also the institutional challenge of improving comparability, coordination, and
timely interpretation across national systems [11,12,14].

At the same time, the practical value of the platform depends on the long-term maintenance and
updating of its underlying datasets. Its usefulness in operational conditions will rely on data completeness,
regular revision, and sustained institutional ownership, particularly for the resource and capacity layers
managed by the responsible authorities in the cross-border region [11,12]. This underlines that effective rapid
needs planning is not only a modelling issue, but also an organisational one, requiring robust procedures for
data sharing, validation, and coordinated use in emergency contexts [6,11,12].

6- CONCLUSIONS

This paper presented the EMERGE framework as an integrated chain linking near-real-time shaking
information, cross-border hazard and exposure layers, rapid needs assessment, and resource prioritisation in
the North Macedonia—Albania—Greece cross-border region [6,7].

The first main conclusion is that EMERGE substantially broadens the analytical basis of cross-border
post-earthquake decision support by combining physical hazard and impact layers with an expanded exposure
model, a SoVI-based representation of social vulnerability, and a structured inventory of resources, capacities,
and capabilities [8—12]. This makes the framework better aligned with the real information requirements of
early crisis management with respect to a conventional risk platform limited to damage metrics alone.

The second main conclusion is that strong-motion network integration is a core enabler of the
framework rather than a parallel technical activity. By improving regional data sharing and linking North
Macedonian capacities with ORFEUS-EIDA, EMERGE strengthens the basis for event-specific shaking input
and thereby supports the transition from scenario-based analysis toward more credible near-real-time activation
of the rapid needs-assessment chain [2,13].

The third main conclusion is that the web-based implementation logic is essential to the operational
value of the framework. The platform acts as the environment in which heterogeneous cross-border datasets
are transformed into usable outputs for prioritisation, gap identification, and response support [6,7,11,12]. Its
significance lies not only in visualisation, but in making the relationship between hazard, impact, and coping
capacity explicit and operationally interpretable.

Overall, EMERGE shows how harmonised geospatial structures, shared methodological assumptions,
and operationally oriented data integration can support more coordinated civil protection planning in
transboundary seismic-risk environments. The framework is directly relevant to the Balkan cross-border case
study, but its underlying logic is transferable to other regions where effective early response depends on
connecting monitoring, impact estimation, and needs-based prioritisation within a common decision-support
environment [1-3,6,7,13].
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Abstract

Developed within an ongoing project funded by the European Civil Protection Mechanism,
the EMERGE Web-Based Platform (WBP) provides advanced capabilities for multi-hazard
analysis and operational decision support for seismic and landslide risks across the cross-
border region (CBR) of North Macedonia, Greece, and Albania. Building on the WBP
originally developed within the CRISIS project (2020-2022), EMERGE extends this
framework into an integrated Near Real-Time (NRT) environment for multi-hazard impact
assessment and rapid needs evaluation. The platform enables emergency managers and civil
protection authorities to rapidly analyse potential damage scenarios and support informed
decision-making immediately following seismic events. Several substantial enhancements
have been introduced. Hazard modelling has been refined through the integration of NRT
ShakeMaps, enabling dynamic estimation of ground-shaking intensity following earthquake
events. Exposure and vulnerability models have also been significantly expanded. In addition
to critical facilities such as schools and hospitals and key transport infrastructure including
bridges and viaducts - already included in CRISIS - the EMERGE platform now incorporates
residential, commercial, and industrial building stocks, providing a more comprehensive
representation of the built environment within the CBR. Furthermore, the platform integrates
spatial population distribution datasets, allowing the assessment of socio-economic exposure
and facilitating the prioritisation of emergency actions based on population vulnerability. By
combining hazard information with exposure, vulnerability, and response capacity data, the
system supports rapid damage estimation, emergency needs assessment, and resource
allocation planning. Through these advancements, the EMERGE WBP significantly
strengthens situational awareness and facilitates coordinated decision-making among civil
protection agencies and disaster management stakeholders. Furthermore, by enabling NRT
damage scenario analysis to prioritise emergency interventions and optimise resource
deployment through quantitative demand-capacity comparisons, the platform strengthens
preparedness and resilience across the considered cross-border area.

Keywords: Multi-hazard Assessment, Needs Planning, Earthquake, Seismic Landslides.
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1- INTRODUCTION

Several European regions are affected by seismic sources whose impacts extend across national borders,
requiring harmonized transboundary risk assessment frameworks. The Balkan area represents a paradigmatic
case, where active tectonic systems simultaneously influence North Macedonia, Greece, and Albania. In this
context, hazard processes and exposed assets are spatially continuous, while emergency management structures
remain administratively fragmented. This structural mismatch underscores the need for interoperable cross-
border tools capable of ensuring consistent hazard characterization, exposure modelling, and impact estimation.

At continental scale, the European Seismic Risk Model (ESRM20) [1] has provided a harmonized
framework for exposure, vulnerability, and loss assessment across Europe. While ESRM20 establishes
coherent large-scale risk metrics, operational civil protection applications require regional refinement and
platform-based implementation tailored to specific cross-border settings. Significant differences in building
taxonomies, construction practices, and data availability across neighbouring countries often limit direct
comparability and coordinated response planning.

European research has progressively addressed these challenges. Within the BORIS project, Polese et
al. [2] developed a harmonized methodology for cross-border risk evaluation, emphasizing shared exposure
datasets, aligned vulnerability models, and interoperable GIS-based environments. Their work conclusively
demonstrated that the main challenges of transboundary platforms lie not only in hazard modelling but equally
in exposure harmonization and in the translation of damage metrics into coordinated emergency indicators.

Building on these principles, the CRISIS project implemented one of the first operational cross-border
seismic risk platforms in the Balkan region. As described by Di Meo et al. [3], CRISIS developed a GIS-based
framework enabling harmonized scenario-based seismic risk assessment across North Macedonia, Albania,
and Greece. The platform integrated shared exposure taxonomies and vulnerability models to estimate damage
to essential facilities (schools and hospitals) and transport infrastructure (bridges and viaducts) within a unified
computational structure, demonstrating the feasibility of coordinated cross-border impact evaluation.

CRISIS also pioneered the integration of earthquake-induced landslides into regional risk modelling. In
mountainous areas of South-Eastern Europe, seismic shaking frequently triggers slope instabilities that amplify
damage and disrupt connectivity. Bojadjieva et al. [4] developed a harmonized cross-border methodology for
assessing earthquake-triggered landslide hazard and risk at regional scale, combining seismic inputs and
susceptibility modelling within a consistent computational framework. This work established the scientific
basis for multi-hazard integration in the Balkan context.

Despite these achievements, CRISIS remained scenario-based and did not operate within a fully Near
Real-Time (NRT) environment. Moreover, its exposure model focused primarily on critical facilities and
transport infrastructure, without encompassing the broader building stock and population distribution required
for comprehensive emergency prioritization within the first critical hour's post-event.

EMERGE builds directly upon the CRISIS framework and represents a conceptual and operational leap
toward an integrated NRT multi-hazard risk assessment platform. The transition from predefined scenarios to
shakemap-driven hazard inputs is supported by the integration of regional seismic stations within the ORFEUS-
EIDA (European Integrated Data Archive; https://www.orfeus-eu.org/data/eida/) framework [5][6], ensuring
harmonized access to waveform data and rapid ground-motion products across the cross-border region. The
integration of NRT shakemaps ensures consistent spatial distribution of intensity measures across
administrative boundaries and enables rapid damage estimation within minutes of event detection.

Beyond hazard refinement, EMERGE substantially expands the exposure and vulnerability framework.
In addition to essential facilities and transport infrastructure, the platform incorporates residential, commercial,
and industrial buildings, providing a detailed representation of the built environment across the cross-border
region. A harmonized population distribution dataset is integrated to quantify socio-economic exposure and
support the assessment of social vulnerability. This inclusion marks a decisive shift toward holistic risk
evaluation: while structural damage metrics quantify physical impact, demographic and socio-economic
conditions strongly influence response capacity and recovery potential. By combining physical vulnerability
functions with population and social indicators, the platform enables evidence-based prioritization of
emergency actions.

Furthermore, EMERGE introduces rapid needs assessment modules that translate damage outputs into
quantitative operational indicators for emergency planning and resource allocation. By embedding hazard,
exposure, vulnerability, and population datasets within a modular Web-Based Platform (WBP), the system
enables automated NRT damage scenario analysis and coordinated decision support across national borders,
strengthening situational awareness and optimizing response strategies during early response phases.

This paper presents the architecture and functionalities of the EMERGE WBP, detailing the NRT
mapping of seismic and earthquake-induced landslide hazards, the harmonized exposure, and vulnerability
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modelling approach - including social vulnerability components - and the integrated workflow for multi-hazard
risk computation and rapid needs assessment, before concluding with key findings and perspectives.

2- THE EMERGE WEB-BASED PLATFORM AND ITS FUNCTIONALITIES

The EMERGE WBP represents a significant advancement of the tool originally developed within the
CRISIS project. Building on the deterministic and probabilistic multi-risk analyses implemented in CRISIS,
EMERGE adds NRT multi-risk assessment capabilities for seismic and landslide scenarios. This advancement
enables rapid and operational evaluation of post-disaster needs, ensuring that decision-critical information
reaches civil protection authorities within minutes in the immediate aftermath of an event.

Designed as a user-friendly tool, the EMERGE WBP is structured into several tabs. Upon logging in, users
are directed to the Home tab, which provides a brief overview of the project, introduces the tool, and
highlights the area of interest. Figure 1 shows the EMERGE WBP homepage, with the tabs organised by the
pre- and post-event phases.

Pre-event Phase Post-event Phase
E/merge f = @ ke ; & ® @’ 2
i {2
X 2 /J

107960, 420489

Figure 1- The EMERGE WBP homepage, highlighting the platform’s tabs for the pre- and post-event phases.

Following the Home tab, the platform features four tabs corresponding to the pre-event phase, briefly
outlined below to highlight their purpose and the functionalities they offer to users.

* Base Layer includes background and reference layers that do not fit into other sections. This tab is a
new addition compared to CRISIS.

» Exposure contains the exposure datasets identified within the project better defined in the section 2-
2. Compared to CRISIS, this tab also includes the social vulnerability layer calculated as part of the project,
and a tool that allows users to upload their own exposure data for buildings and bridges via a predefined csv
template.

+ Seismic Hazard presents seismic hazard maps derived from the 2020 update of the European Seismic
Hazard Model (ESHM 2020, [1]) for return periods of 102, 475, and 975 years, and includes a tool to retrieve
shakemaps produced immediately after an earthquake.

 Landslide Hazard shows Peak Ground Displacement (PGD) based landslide hazard maps for return
periods of 475 and 975 years, derived from the ESHM 2020 [7] and following the methodology proposed by

[8].

As shown in Figure 1, the post-event phase is organized into four additional tabs, each designed to
provide detailed, actionable information immediately following a disaster. These tabs focus on different aspects
of impact assessment and response planning, enabling users to visualize damage scenarios, assess landslide
risks, identify urgent needs, and plan safe emergency routes. The following is a brief description of the post-
events phase tabs.

* Earthquake Scenario presents the damage scenarios calculated for eleven historical events that
affected the CBR and the real-time damage scenarios generated from source parameters (e.g., epicenter and
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magnitude) using deterministic hazard maps - as previously implemented in CRISIS. Additionally, the platform
now also enables the creation of NRT damage scenarios based on selected shakemaps.

* Landslide Scenario consists of layers of landslide risk maps. The risk for buildings is assessed using
a semi-quantitative GIS-based method [9]. For bridges, landslide risk is evaluated by considering seismic
events that could trigger landslides with return periods of 475 and 975 years, as well as NRT shakemap
scenarios, and applying fragility curves for ground failure as proposed by HAZUS [10]. The landslide risk has
not been calculated for all the bridges in the exposure database but for a part of them, selected based on their
position and importance in terms of cross-border connection.

* Post Disaster Needs displays results in a visual format to help guide prompt and informed decisions.
Areas of highest concern are categorized into five levels according to the number of casualties, injuries, and
building damage. The platform also compares the availability of shelters and hospital capacity with estimated
demand, helping to define priority areas for intervention. This feature represents a significant enhancement
over the CRISIS platform.

* Routing enables users to define optimal emergency routes, avoiding potentially unusable damaged
bridges.

Due to its intuitive structure and NRT multi-risk assessment capabilities, the EMERGE WBP
significantly strengthens crisis and emergency management within the CBR. By rapidly processing and
delivering impact-related information following major seismic or seismic induced landslide events, it enables
authorities to make informed operational decisions, optimize resource allocation, and establish clear priorities
during the critical early response phase.

2-1- MAPPING SEISMIC AND EARTHQUAKE-INDUCED LANDSLIDE HAZARD

The hazard component of the EMERGE WBP extends the scenario-based framework developed within CRISIS
into a dynamically updated multi-hazard mapping environment for the cross-border region (CBR) of North
Macedonia, Greece, and Albania. In CRISIS, seismic hazard characterization relied primarily on deterministic
and probabilistic earthquake scenarios used to support preparedness-oriented simulations. EMERGE upgrades
this configuration through the implementation of a dedicated module for real-time generation of ground-motion
and shaking intensity maps, enabling spatially consistent representation of seismic demand across national
boundaries.

Following earthquake detection and rapid source parameter estimation, ground-motion fields are
computed using available instrumental recordings combined with appropriate ground-motion prediction
equations. Spatial interpolation techniques are applied to derive continuous raster layers of key intensity
measures, including Peak Ground Acceleration (PGA) and spectral accelerations at selected periods. These
intensity measures are discretized on a regular grid and implemented within a harmonized GIS framework
covering the entire CBR. Particular attention is given to ensuring consistency in spatial resolution, coordinate
reference systems, and data structures across the three countries, thus avoiding discontinuities at administrative
borders.

The integration of strong-motion stations from the CBR into the European ORFEUS-EIDA network
(https://eida.gein.noa.gr/) strengthens the reliability and timeliness of ground-motion data acquisition. This
integration enhances regional seismic monitoring capacity and supports the generation of updated shaking
intensity fields based on shared European data infrastructures.

In addition to ground shaking, earthquake-induced landslides represent a critical hazard component in
mountainous sectors of the CBR. The landslide module implemented in EMERGE builds upon the harmonized
cross-border methodology previously developed within CRISIS and subsequently refined for regional
application. The approach combines spatially distributed seismic intensity measures with landslide
susceptibility layers derived from lithological, geomorphological, slope-gradient, and land-cover datasets.
Susceptibility classes are defined consistently across the CBR, ensuring methodological homogeneity in the
treatment of terrain instability.

Within this framework, ground-motion intensity values derived from the shakemap act as triggering
parameters for slope failure. For each spatial unit, seismic demand is coupled with pre-defined susceptibility
conditions to estimate the spatial probability of earthquake-induced landsliding under the given shaking
scenario. The resulting output is a georeferenced landslide hazard layer that is fully aligned with the seismic
shaking raster in terms of resolution and spatial reference.

By integrating seismic and landslide components within a unified GIS architecture, EMERGE produces
a coherent multi-hazard representation at regional scale. This harmonized mapping approach ensures cross-
border consistency, supports both scenario-based analyses and dynamically updated hazard estimation, and
establishes the spatial foundation for the subsequent assessment modules described in the following sections.
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2-2- EXPOSURE MODEL AND ASSESSMENT OF PHYSICAL AND SOCIAL VULNERABILITY

The project aims to support the assessment of multi-hazard vulnerability (seismic and earthquake-
induced landslide) and to strengthen emergency planning in the CBR of North Macedonia, Greece, and
Albania. To this end, a systematic exposure mapping was developed for residential, commercial, and industrial
buildings, also incorporating basic services (schools and hospitals) and transport infrastructure (bridges and
viaducts) previously assessed in the CRISIS project, with their data updated and integrated within EMERGE.
For basic services and transport infrastructure, only structures located in major urban centers or their immediate
surroundings were considered, as they serve a significant number of users.

The building inventory was constructed exclusively based on available national datasets - including
census and statistical office data, the ESRM20 [1] relevant studies and projects, technical documentation, and
other public sources - with processing at the municipal level and without any on-site field surveys.

In North Macedonia, the residential building stock consists of approximately 60% masonry structures -
with an almost even distribution among high, medium, and low vulnerability, and a slight predominance of
high vulnerability - and the remaining portion in reinforced concrete, mostly seismically designed. In the
commercial and industrial sectors, alongside the prevalence of reinforced concrete and masonry buildings,
there is a residual presence of steel and prefabricated structures. In the commercial sector, reinforced concrete
buildings are mostly seismically designed, whereas in the industrial sector, non-seismically designed reinforced
concrete is more frequent. Masonry buildings in both sectors are distributed between high and medium
vulnerability classes, with a prevalence of the latter. Schools are mainly seismically designed reinforced
concrete, followed by masonry buildings (both low and high vulnerability) and mixed masonry-reinforced
concrete structures. Hospitals are predominantly seismically designed reinforced concrete, with a limited share
of high-vulnerability masonry and mixed masonry-reinforced concrete structures. Bridges are almost entirely
reinforced concrete, mostly simply supported or monolithic/frame type.

In Greece, the majority of residential buildings are made of masonry or reinforced concrete, the latter
of which is mostly seismically designed. A similar pattern is observed in the commercial and industrial sectors,
with a residual presence of steel and timber buildings. Schools are predominantly seismically designed
reinforced concrete, while about one-third consists of high-vulnerability masonry and a small portion of precast
structures. Hospitals include reinforced concrete structures, both seismically designed and not, and one mixed
masonry-reinforced concrete facility. Transport infrastructures are reinforced concrete with monolithic/frame
structural typology.

In Albania, residential buildings are mainly medium-vulnerability masonry, accompanied by a smaller
share of reinforced concrete structures, mostly seismically designed. The commercial sector is dominated by
seismically designed reinforced concrete buildings, while the industrial sector shows a more balanced
distribution between medium-vulnerability masonry and seismically designed reinforced concrete. Schools are
mostly medium-vulnerability masonry, with a smaller share of seismically designed reinforced concrete;
hospitals are mixed masonry-reinforced concrete structures. Transport infrastructures are predominantly
simply-supported reinforced concrete viaducts. In Table 1 the building inventory is classified accordingly.
Figure 2 illustrates the estimated exposure in the project CBR in terms of structural types aggregated at
municipal level from harmonized datasets and ESRM20 inventories.

Table 1- Comparative Building Typologies Across CBR Countries

Asset Class North Macedonia Greece Albania
60% masonry (high/medium/low vuln., Medium-vuln. masonry
. .. + . .
Residential high predominant), 40% RC (seismic Masogry . RC .(mostly (dominant), RC (seismic
; seismic design) .
design) design)
Commercial RC (seismic), masonry (r_nedlum vuln.), RC (seismic dommant), RC (seismic dominant)
steel/prefab residual masonry, steel/timber
. RC (non-seismic frequent), masonry RC (seismic), masonry, Masonry (medium) + RC
Industrial . : LT
(medium vuln.) steel/timber (seismic) balanced
Schools RC seismic (main), masonry RC seismic (dominant), 33% Masonry medium-vuln.,
(high/low), masonry-RC masonry high-vuln., precast RC seismic
. RC seismic (dominant), RC (seismic + non-seismic), .
LUl masonry/masonry-RC (limited) 1x masonry-RC Masonry-RC mixed
Bridges RC simply-supported/monolithic RC monolithic/frame RC Sm\lﬂﬁfclg ported
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Figure 2- Distribution of the different structural typologies in the exposure of the project cross-border
region for: (a) residential buildings; (b) commercial buildings; (c) industrial buildings; (d) schools, and
(e) hospitals.
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Figure 3 shows the Exposure tab functionality in EMERGE WBP with the Bridges layer activated.
This allows users to view the spatial distribution of bridges in the CBR. In each tab, users can view information
about an item by activating the corresponding layer and clicking on it, as illustrated in Figure 3. This feature
allows interactive exploration of the data on screen.
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Figure 3- Exposure tab in the EMERGE WBP showing the transport infrastructure layer, highlighting
the distribution of bridges and viaducts in the project cross-border region.

Once the exposure has been defined, the seismic scenario analysis requires selecting an appropriate
method to estimate seismic vulnerability. In this study, we adopt SP-BELA (Simplified Pushover-Based
Earthquake Loss Assessment), which evaluates the vulnerability of reinforced concrete and masonry buildings
through fragility curves derived from a simplified mechanical approach [11]. These curves are applied directly
to these building types; for other structural typologies, they are extended through an equivalence criterion based
on the vulnerability classes defined in the European Macroseismic Scale (EMS-98; [12]). This methodology
ensures that the expected structural behaviour during an earthquake is represented consistently and that the
exposure database is treated uniformly.

For bridges, we used the fragility curves defined in [13].

In parallel with the physical exposure analysis, the EMERGE project also has developed a socio-
economic vulnerability assessment for the entire CBR, aiming to create a harmonised and comparable
municipal-level dataset. The analysis is based on the Social Vulnerability Index (SoVI; [14]) framework and
integrates thirty-five indicators grouped into seven thematic dimensions - population, education, economy,
health, infrastructure, habitat, governance, and institutional capacity - to describe socio-demographic and
economic conditions and quantify relative social vulnerability. This approach captures the factors influencing
communities’ ability to prepare for, respond to, and recover from extreme events, providing an integrated
framework to support risk reduction strategies.

The assessment has been conducted through two scenarios. The first scenario applies a uniform
“importance” weight across the entire area, as well as country-specific “quality” weights to account for
differences in data availability and resolution at the municipal level. The second scenario uses country-specific
weights for both “importance” and “quality”, reflecting expert judgement on the relative relevance of each
indicator within its thematic group and the level of detail of the data source. This allows for greater adaptation
to national contexts. Both scenarios are available on the platform under the Exposure tab, along with their
respective legends.

2-3- HOLISTIC APPROACH TO NEAR-REAL-TIME MULTI-HAZARD AND RAPID NEEDS
ASSESSMENT

The EMERGE WBP adopts a holistic framework in which multi-hazard mapping, exposure and vulnerability
modelling, and operational capacity evaluation are integrated within a unified computational environment. This
architecture enables the seamless transition from hazard characterization to impact estimation and,
subsequently, to rapid needs assessment across the cross-border region.

7
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The system is structured around three tightly interconnected components: (i) multi-hazard assessment
(NRT seismic + landslide hazard layers), (ii) impact estimation (Physical/human disruption via SP-
BELA/HAZUS fragility), and (iii) rapid needs evaluation (72-hour demand-capacity matching). Seismic
shaking and earthquake-induced landslide hazard layers, generated as described in Section 2-1-, constitute the
primary input to the analytical workflow. These hazard layers are automatically coupled with the harmonized
exposure database, which includes residential, commercial, and industrial buildings, as well as schools,
hospitals, and bridges, alongside spatially distributed population data (Section 2-2-). Vulnerability models
associated with each asset class translate hazard intensity measures into estimates of physical disruption and
human impact.

The resulting impact metrics form the basis for the Rapid Needs Assessment module, designed to
support decision-making within the first 72 hours following a seismic event. The methodological logic is based
on a quantitative comparison between estimated post-event demand and available response capacity. Demand
indicators are derived from modelled physical impacts and include, for example, the number of injured
individuals requiring medical assistance, displaced persons requiring temporary accommodation, and areas
potentially isolated due to infrastructure disruption. These indicators are spatially aggregated at municipal and
regional scales to allow prioritization of intervention areas.

A core innovation of EMERGE lies in the integration of a structured and georeferenced database of
National Civil Protection Authorities’ (NCPAs) resources, capacities, and operational capabilities within the
same analytical environment. This comprehensive database includes information on emergency facilities (e.g.,
hospitals with emergency departments), potential shelter buildings (e.g., structurally usable schools), civil
protection offices, fire-fighting stations, police units, and other logistical assets relevant to disaster response.
Each resource is characterized not only by precise geo-location but also by quantitative capacity attributes,
such as bed availability, shelter capacity, and operational functionality.

By coupling estimated post-event demand with the spatial distribution and capacity of available
resources, the platform enables a systematic evaluation of response capability across the CBR. The comparison
between required and available capacity allows the identification of response gaps, capacity exceedance
thresholds, and potential bottlenecks in emergency service provision. Routing analysis tools, continuously
updated to account for possible infrastructure disruption, further support logistical optimization by identifying
accessible paths to critical facilities and prioritizing safe access corridors.

This integrated approach ensures that hazard evolution, impact estimation, and resource allocation are
not treated as separate analytical steps but as components of a continuous decision-support workflow. The
harmonization of data structures, spatial resolution, and methodological assumptions across the three countries
guarantees cross-border consistency and comparability of results. When national capacities are insufficient to
meet estimated demand, the system provides evidence-based indications for cross-border assistance and
coordinated resource sharing, reinforcing regional cooperation mechanisms.

Through this holistic multi-hazard and rapid needs assessment architecture, EMERGE advances beyond
conventional scenario-based risk platforms and establishes an operational framework capable of supporting
coordinated emergency management, enhancing situational awareness, and strengthening preparedness and
resilience across the cross-border region.

3- CONCLUSIONS

This work has presented EMERGE WBP as an integrated, operational multi-hazard tool designed to strengthen
transboundary seismic risk management in the Balkan cross-border region of North Macedonia, Albania and
Greece. By building upon the methodological foundations established in the CRISIS project, EMERGE
advances from scenario-based risk mapping toward a dynamically updated, decision-oriented framework that
bridges hazard monitoring, impact estimation, and emergency capacity evaluation within a single analytical
environment.

The integration of NRT seismic ground shaking mapping together with earthquake-induced landslide
effects ensures spatial consistency across borders, overcoming administrative fragmentation in regions where
tectonic processes are inherently transnational. The expansion of the exposure model to include the broader
building stock, critical infrastructure, and spatially distributed population data enables a comprehensive
assessment of both physical disruption and potential societal impact. The incorporation of social vulnerability
indicators further enhances the platform’s ability to capture differential response capacity and recovery
potential across communities.

A central innovation of EMERGE lies in the explicit coupling of impact estimates with a structured
database of National Civil Protection Authorities’ resources, capacities, and operational capabilities. By
quantitatively matching estimated post-event demand with available emergency assets, the platform translates
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analytical outputs into actionable information for rapid prioritization, resource allocation, and cross-border
coordination. This demand-capacity matching mechanism represents a decisive step toward operationalizing
risk assessment within the first critical hours following a seismic event.

Beyond its regional implementation, EMERGE demonstrates the value of harmonized data structures,
interoperable geospatial architectures, and shared methodological assumptions in enhancing European civil
protection cooperation. The platform provides a replicable blueprint for integrated multi-hazard emergency
planning in other seismically active transboundary regions, aligning scientific modelling with operational needs
and reinforcing resilience through coordinated preparedness.

In this perspective, EMERGE does not merely extend previous risk assessment tools but establishes a
scalable and transferable framework that strengthens situational awareness, supports evidence-based decision-
making, and contributes to a more resilient and interconnected European disaster management system.
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Abstract

Assessing social vulnerability is essential for understanding how communities may experience
and recover from earthquakes. In the framework of the EMERGE project, funded by the
European Union Civil Protection Mechanism (UCPM), the Social Vulnerability Index
(SoVI) methodology is applied to evaluate social vulnerability in a complex cross-border
region shared by Albania, Greece, and North Macedonia. The selected indicators for the SoVI
calculation capture the main dimensions of social vulnerability, including demographic
structure, socio-economic conditions, institutional performance, and the availability of
essential services. The resulting SoVI maps reveal pronounced spatial variability in social
vulnerability both across and within national borders, highlighting strong contrasts in how
vulnerability manifests in distinct administrative, territorial, and socio-economic contexts.
This analysis provides valuable insights into which indicators most strongly influence
vulnerability at the municipal scale and across each country’s cross-border regions all-
together. By distinguishing the relative contribution of social, demographic, and institutional
dimensions, it becomes possible to identify the key drivers and spatial pattern of social
vulnerability, thereby supporting the definition of targeted intervention priorities. Overall, the
findings emphasize the importance of harmonized methodologies, integrated indicator
systems, and multi-scalar analytical approaches for capturing the differentiated and context-
specific nature of social vulnerability in transboundary environments and for supporting more
informed disaster risk reduction policies within EMERGE and future initiatives.

Keywords: Social vulnerability, SoVI, cross-border regions, risk, hazard, exposure
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1- INTRODUCTION

Natural hazards do not affect all communities equally. The scale and distribution of disaster impacts are shaped
not only by the physical intensity of a hazard or the structural characteristics of exposed assets, but also by the
social conditions of the populations at risk. Socioeconomic status, demographic composition, institutional
capacity, and access to essential services all influence how communities prepare for, respond to, and recover
from disruptive events. Landmark disasters, including the 2010 Haiti earthquake, the Pakistan floods, and the
2023 Turkey earthquake, have repeatedly demonstrated that communities with similar hazard proneness can
experience profoundly different outcomes depending on their underlying social conditions [1],[2]. Despite this
well-established understanding, the social dimension of risk remains difficult to quantify and is frequently
underrepresented in formal risk assessments.

Addressing this challenge requires robust methodological frameworks capable of translating complex
social realities into measurable, spatially explicit indicators. The Social Vulnerability Index (SoVI),
originally proposed by Cutter et al. (2003) [1], has become one of the most widely adopted tools for this
purpose. By applying statistical analysis to census-derived data, SoVI produces composite vulnerability scores
that enable meaningful comparisons across administrative units and geographic scales. Complementary
approaches, such as the Resilience Performance Scorecard [3] or the Risk Management Index [4], extend this
analytical reach by incorporating qualitative assessments and evaluations of institutional capacity. More
integrated frameworks, including the Megacity Indicator System [5], further combine physical, social, and
institutional dimensions to provide holistic evaluations of risk and coping capacity.

Within Europe, the application of social vulnerability methodologies has evolved considerably,
moving from early national adaptations of SoVI-type indices towards more spatially refined assessments that
couple social indicators with physical hazard models. Studies in cities such as Bucharest have illustrated the
close relationship between social vulnerability, ageing building stock, and low-income populations [6],[7],
while broader European analyses have identified socioeconomic status, age, and disability as consistent drivers
of vulnerability across different contexts [8],[9],[10].

The cross-border region shared by Albania, Greece, and North Macedonia presents a particularly
instructive context for this type of analysis. In Greece, studies have documented how social inequality,
population ageing, and urban density amplify seismic risk, especially in major cities such as Athens and
Thessaloniki [11],[12]. In Albania, the 2019 Durrés earthquake exposed the compounding role of poor housing
quality and deep socioeconomic disparities, reinforcing calls for systematic vulnerability evaluation [13]. In
North Macedonia, urbanisation patterns and the prevalence of older building stocks in vulnerable communities
have similarly been identified as significant contributors to disaster risk [14],[15]. Taken together, these
national contexts underscore the heterogeneity of vulnerability across the region and the importance of
harmonised, transboundary assessment approaches.

In this paper, as part of the EMERGE project, funded by the European Union Civil Protection
Mechanism (UCPM), the SoVI methodology is applied across the aforementioned three-country cross-border
region to produce a spatially explicit characterisation of social vulnerability at the municipal scale. The selected
indicators capture key dimensions of vulnerability including demographic structure, socioeconomic conditions,
institutional performance, and service availability, whose contribution to the total vulnerability is properly
weighted according to their importance and quality of available data. Beyond mapping, the analysis identifies
the dominant drivers of social vulnerability in each national context and across the region as a whole, offering
actionable insights for targeted disaster risk reduction policies and future transboundary risk governance
initiatives.

2- METHODOLOGY

The social vulnerability assessment was conducted using the Social Vulnerability Index (SoVI) framework
originally proposed by [1], which quantifies the degree to which a population is susceptible to the adverse
impacts of natural hazards based on a set of socio-economic and demographic indicators. Figure 1 describes
the methodological framework for the SoVI assessment, organised into five sequential steps: data collection,
variable standardisation, weight assignment, index computation, and result interpretation.
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Figure 1- Methodological framework for social vulnerability assessment.

The first step involved collecting census-based data for all indicators considered in the analysis. The
selected indicators were derived from national census datasets and official statistical sources for Albania,
Greece, and North Macedonia, yielding a set of 35 variables organised into seven thematic groups, representing
the main dimensions of social vulnerability. These groups reflect the key factors known to shape a community's
capacity to prepare for, respond to, and recover from damaging seismic events, including demographic
structure, socioeconomic conditions, education, access to healthcare, availability of critical infrastructure,
urban—rural settlement patterns, and governance quality. Each indicator was assigned a cardinality, positive (+)
or negative (—), indicating whether an increase in its value corresponds to an increase or decrease in social
vulnerability, respectively. The complete set of indicators, along with the seven thematic groups and associated
cardinalities, are presented in Table 1.

The table includes key standard parameters describing the population, as divulged in a census
framework. These include age, formal (binary) gender, physical disability and nationality. Naturally, it cannot
account for more sensitive parameters not formally collected as data (and actually often protected), but which
may however affect the vulnerability of certain parts of the population to various natural hazards. These can
include mental disorders and neurodiversity [16], gender identities [17] and religion/ethnicity/race [18]. The
latter sensitive features become all the more important considering the recent geopolitical situation in
southeastern Europe, particularly Greece, e.g. considering the increased vulnerability of refugees and
immigrants [19]. Acknowledging the potential importance of such factors and the current inability to formally
account for them in the study at hand, the formally collected data is analysed.

To ensure comparability among variables expressed in different units and scales, all indicators were
normalised using a min—max normalisation procedure (Step 2). This approach removes scale effects and
transforms each indicator to a common range between 0 and 1, where 0 represents the least and 1 the most
socially vulnerable condition. The normalisation follows Equation 1:

Xyi —min; (X;)

™ max, () —min, (x,) M

q.

where Xq; represents the value of indicator g for municipality i, and minj(Xg) and maxi(Xg) are the minimum and

maximum values of the same indicator across all municipalities and )(qi is the normalised index score of

indicator q for municipality i.

Following normalisation, weights were assigned to each indicator based on two complementary
criteria: the importance of the data, reflecting the theoretical relevance of each indicator to social vulnerability,
and the quality of the data, capturing its reliability, completeness, and spatial resolution (step 3). These criteria
ensure that indicators with greater conceptual significance and higher data quality exert proportionally greater
influence on the final SoVI score. The final weight assigned to each indicator within a given thematic group
was obtained by combining both criteria according to Equation 2:
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where 0 represents the least and 5 the most vulnerable condition, according to Equation 3:
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This procedure ensures internal consistency among indicators and allows direct comparison across
groups with differing numbers of variables.
The next step was the computation of the Social Vulnerability Index, following the framework originally
proposed by [1]. The vulnerability score V; for each municipality i was obtained by aggregating the normalised
and weighted indicator values across all thematic groups and rescaling the results to a range between 0 and 5,

V=S wX,,
=1

©)]

where Wq is the weight assigned to the g indicator and n is the total number of variable/indicators considered.

Table 1- Group and sub-group Indicators for the computation of SoVI along with their cardinality

No. Group Indicator No. | Indicator Cardinality
1 % Population < 18/19 years +
2 % Population > 60 years +
1 Population 3 % Female +
4 % Disabled +
5 % Population of foreign nationality +
6 % Illiterate +
7 % Population without elementary education +
2 Education 8 % Population without high school education +
9 % Population with high school degree }
10 % Population with university graduates _
11 Unemployment rate +
12 % Labor force working in secondary sector employment +
13 % Labor force employed in service industries +
3 Economy
14 % Female labor force participation +
15 Average income _
16 % below poverty line +
17 # Hospitals -
18 # Beds -
19 # Doctors _
4 Health 20 Crude birth rate +
21 Crude death rate _
22 Life expectance -
23 Service coverage index _
24 Road network (km/km?) )
25 % House without water +
5 Infrastructure
26 % House without electricity +
27 % Vehicles _
28 % Female headed households +
6 Habitat 29 Population density (# people/ km?) T
30 Housing density (# people /house) +
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31 Urban density (# buildings/ km?) 4

32 % House owners +

33 % Urban population

34 Crime rate +
Governance  And
7 Institutional
Capacity 35 Abstention rate from election
+

The composite SoVI value was produced through an additive aggregation of weighted vulnerability
scores across all relevant thematic groups, yielding a single index that captures the overall social vulnerability
of each municipality. Since SoVI is a relative measure, the resulting scores are comparable only within the
specific geographic extent considered in the analysis.

The final step includes the interpretation of the municipal-level SoVI scores, with higher values
indicating municipalities with greater social vulnerability. The resulting maps reveal the spatial distribution of
vulnerability across the cross-border region, enabling the identification of the most at-risk municipalities with
respect to their social characteristics and the dominant drivers of social vulnerability in each national context.

3- CBR STUDY AREA AND SOVI DATA AVAILABILITY
The SoVI framework was applied to the cross-border region (CBR) defined within the EMERGE project,
encompassing municipalities from three neighbouring countries: Albania, North Macedonia, and Greece. The

study area comprises 17, 18, and 14 municipalities from each country respectively, yielding a total of 49
municipalities across the CBR (Figure 2).
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Figure 2- Cross-border region (CBR) between Albania, North Macedonia, and Greece considered for the SoVI
analysis, showing the municipalities included in the study area.

The selection of indicators was guided by two complementary considerations: the availability of
reliable data at the municipal scale and the socio-economic characteristics specific of the region. Census data
were collected primarily from national statistical agencies, namely INSTAT [20]for Albania, ELSTAT [21]for
Greece, and the State Statistical Office MAKSTAT [22]for North Macedonia, while Eurostat and other
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equivalent sources were used when municipal-level data were unavailable. In cases where disaggregated
information could not be obtained, regional or national-level statistics or proxy variables with strong empirical
correlations to the missing indicators were employed to preserve spatial consistency and cross-border
comparability.

Across all three countries, the construction of a harmonised indicator dataset involved the integration
of multi-source and multi-scale information, with standardisation procedures, proxy methods, and simplifying
assumptions applied wherever necessary to ensure the consistency, completeness, and cross-border
comparability of the final SoVI scores at the municipal level.

4- SOVI RESULTS

To gain insight into the social vulnerability discrepancies between the three CBR countries, the vulnerability
score (Vi) for each group indicator, computed according to Equation (3) was aggregated among all the
municipalities within each individual country. Figure 3 presents these vulnerability scores disaggregated by
thematic group and country, to understand the relative contribution of each dimension to the overall SoVI.
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Figure 3- Vulnerability scores by thematic group for Greece (GR), North Macedonia (NM), and Albania (AL),
showing the relative contribution of each group (Population, Education, Economy, Health, Habitat,
Infrastructure, and Governance and Institutional Capacity) to the overall SoVIL.

Health emerges as the dominant driver of vulnerability across all three countries, with North
Macedonia recording the highest score (4.0), followed by Albania (3.3) and Greece (2.6), reflecting significant
disparities in healthcare access and infrastructure. Economy represents the second most differentiating
dimension for North Macedonia (2.9) and Albania (2.5), considerably outscoring Greece (0.9). Population
structure contributes similarly across all three countries, with scores ranging from 1.8 to 2.9, while Education
displays uniformly low scores, suggesting comparable levels of educational attainment across the region.
Habitat records the lowest vulnerability scores overall, particularly in North Macedonia (0.7) and Greece (1.0).
Infrastructure and Governance and Institutional Capacity show moderate and relatively consistent
contributions across the three countries, with Albania scoring slightly higher in infrastructure (2.4) and Greece
leading marginally in Governance (2.3).

Overall, the score estimates confirm that the primary drivers of social vulnerability are not uniform
across the CBR but vary depending on the country considered: while Health consistently represents a dominant
contributor across all three national subsets, Economy and Infrastructure play a proportionally greater role in
Albanian municipalities, Governance and Health characterise the highest-scoring North Macedonian
municipalities, and a more balanced distribution across thematic dimensions defines the Greek subset with
Population having the highest scoring.

In order to support the prioritisation of disaster risk reduction interventions, Figure 4 reports the SoVI
scores for the municipalities of the CBR, ordered from most to least vulnerable within each country. Each bar
is colour-coded according to the contribution of each thematic group, allowing simultaneous reading of the
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total vulnerability score and its internal composition at the municipal level. It is worth noting that the values
shown in Figure 4 are obtained through a weighted average of the individual group scores illustrated in Figure
3, assigning a weight of 0.15 to the thematic groups Population, Education, Economy, Health, Habitat, and
Infrastructure, and a slightly lower weight of 0.1 to Governance and Institutional Capacity, which comprises
only two indicators. The country average SoVI values across the municipalities of the CBR in each country,
shown as dashed horizontal lines, provide a reference for interpreting municipal-level variation and highlight
the overall differences in social vulnerability across the three countries. Albanian municipalities record the
highest national average (=2.40), with several approaching or exceeding 2.50. North Macedonian
municipalities display an intermediate national average (=2.10), with Mavrovo i Rostuse, Centar Zhupa, and
Debar recording the highest scores, while eastern municipalities such as Vevgani and Gevgelija fall below the
national average. Greek municipalities record the lowest national average (=1.87), with a more uniform
thematic composition.

Weighted SoV1 by Municipality (CBR)
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Figure 4- SoVI values for all 49 cross-border municipalities, grouped by country and ordered in descending order
of vulnerability within each national subset. Dashed horizontal lines indicate the national averages for Greece (blue),
North Macedonia (dark red), and Albania (orange).

Figure 5 presents the spatial distribution of SoVI scores across the municipalities of the cross-border
region. The map clearly shows that the highest vulnerability is concentrated in the central and southern
Albanian municipalities, with Finiq, Kolonjé, Kor¢é, Pogradec, and Konispol falling within the two highest
classes, reflecting severe socioeconomic conditions, limited access to services, and weak institutional capacity.
Several adjacent North Macedonian municipalities, including Mavrovo i Rostuse, Dibér, and Centar Zhupa,

also record elevated scores, forming a contiguous high-vulnerability belt along the Albanian-Macedonian
border.
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Figure 5- Spatial distribution of the Social Vulnerability Index (SoVI) across the 49 municipalities of the CBR.

Furthermore, the map shows a pronounced vulnerability contrast between municipalities that share
common borders. Neighbouring municipalities on opposite sides of national boundaries, such as Kolonjé
(Albania) and Florina (Greece), or Korgé (Albania) and Resen (North Macedonia), display markedly different
SoVI scores despite their geographic proximity and comparable seismic hazard. This spatial discontinuity
underscores how national differences in socioeconomic conditions, institutional frameworks, and data
availability translate directly into vulnerability disparities at the local level and highlights the critical
importance of transboundary coordination in disaster risk reduction planning within the EMERGE cross-border
region.

5- CONCLUSIONS

This study applied the Social Vulnerability Index (SoVI) methodology across the cross-border region shared
by Albania, Greece, and North Macedonia within the EMERGE project framework, producing a spatially
explicit assessment of social vulnerability at the municipal scale. The analysis of 49 municipalities revealed
pronounced spatial variability in vulnerability both across and within national borders, reflecting the
differentiated influence of demographic, socioeconomic, institutional, and service-related factors in each
national context.

Among the three neighbouring countries, Albanian municipalities tend to exhibit comparatively
higher vulnerability levels, driven by a combination of factors such as healthcare accessibility, infrastructure
and economic conditions. North Macedonian municipalities displayed intermediate vulnerability levels, with
health-related factors emerging as dominant contributors, while Greek municipalities presented the lowest
vulnerability scores with a more balanced distribution across thematic dimensions.

A particularly important finding is the sharp vulnerability contrast between geographically adjacent
municipalities on opposite sides of national borders, despite comparable seismic hazard levels, underscoring
how national differences in socioeconomic conditions and institutional capacity translate directly into local
vulnerability disparities.

These results confirm the value of harmonised, multi-indicator methodologies for capturing the
context-specific nature of social vulnerability in transboundary environments. By identifying the dominant
drivers of vulnerability at both the municipal and national level, the SoVI framework provides actionable
guidance for prioritising disaster risk reduction interventions and supports more informed, spatially targeted
policies within the EMERGE project and future cross-border risk governance initiatives.
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Abstract

Earthquake-induced landslides represent a significant component of seismic risk, particularly
in mountainous and transboundary regions where infrastructure and population are exposed to
cascading impacts. Regional-scale methodologies for landslide hazard and risk assessment are
increasingly required to support both emergency response and long-term planning. This
contribution presents an operational approach that builds upon the harmonized methodology
developed within the CRISIS (Comprehensive Risk Assessment of Basic Services and
Transport Infrastructure) past project and extends it toward near real-time application through
recent developments in the EMERGE (Rapid Multi-Risk Needs Evaluation and Planning
Platform) ongoing project (Salic-Makreska et al., 2026), including the integration of ShakeMap
data and the Rapid Needs Assessment (RNA) methodology.

The CRISIS framework proposes a harmonized methodology for earthquake-induced landslide
hazard and risk assessment at the regional scale, particularly suited for areas with heterogeneous



or limited datasets, such as transboundary regions (Bojadjieva et al., 2025). The hazard
component comprises several steps, including landslide susceptibility mapping and the
estimation of a critical acceleration, threshold to check the onset of slope instability. These
inputs are combined with seismic loading to estimate landslide hazard, expressed through
expected Permanent Ground Displacement (PGD; Fotopolou & Pitilakis, 2015). In this context,
PGD is used as an indicator of slope response to seismic ground shaking, allowing for the spatial
delineation of areas prone to earthquake-induced deformation. The risk component of the
CRISIS methodology integrates hazard, exposure and vulnerability, focusing on key elements
such as schools, healthcare facilities, and bridges. The framework was applied to a cross-border
region comprising North Macedonia, Albania, and Greece, using an exposure model for 191
school buildings, 46 healthcare facilities, and 372 bridges. The results demonstrated that the
methodology is practical, relatively fast, and applicable even in data-limited environments,
providing a useful overview of hazardous areas and potential impacts. The outputs were
implemented within a web-based platform for visualization and analysis of landslide risk
scenarios.

In the present work, this concept is further developed toward a near real-time application within
the EMERGE framework. The key modification concerns the representation of the seismic
triggering mechanism. Instead of relying on predefined earthquake scenarios, the same
conceptual approach used in CRISIS is retained, with the seismic input derived from near-real-
time ground-shaking estimates. In particular, ShakeMaps are used to provide spatially
distributed parameters, such as Peak Ground Acceleration (PGA), describing the observed or
estimated shaking conditions immediately after an earthquake.

Within this approach, set of ground motion parameters serve as proxies for seismic loading in
calculating slope response, maintaining consistency with the PGD-based approach introduced
in the CRISIS methodology. This keeps the estimation of landslide hazard conceptually the
same while making it event-driven and dynamically updated. Near-real-time shaking intensity
enables rapid computation of landslide hazard maps shortly after an earthquake, reflecting the
spatial variability of observed ground motion. The RNA methodology, developed within the
EMERGE project, supports this process by providing a practical link between ground shaking
intensity and landslide occurrence prediction. The approach combines susceptibility and critical
acceleration layers with earthquake shaking using empirical relations. These susceptibility
datasets are prepared in advance, enabling rapid integration with ShakeMap outputs during an
event. The result is a spatially distributed estimate of landslide probability or expected slope
response, consistent with the PGD-based framework. The risk assessment component follows
the principles established in CRISIS, combining hazard outputs with exposure data and
vulnerability assessment to identify potentially affected critical infrastructure. In a near-real-
time context, this allows also for rapid identification of routes where landslides may impact



main components of transportation networks. Although simplified, these results are useful for
supporting emergency response and prioritizing interventions. The proposed framework builds
on the strengths of the CRISIS methodology, including its applicability in data-limited and
cross-border regions, while extending its use toward operational, near real-time applications
within the EMERGE framework. Integrating ShakeMap and RNA enables automated,
repeatable workflows in which susceptibility and exposure data are prepared in advance, and
post-event processing focuses on rapid ingestion of seismic data. Uncertainty remains inherent
in near-real-time assessments due to limitations in input data and modeling assumptions.
Therefore, the results should be interpreted as indicative and probabilistic, supporting decision-
making rather than providing precise predictions. Overall, this work highlights the potential of
real-time approaches for the rapid assessment of earthquake-induced landslide hazard and risk,
enabling timely and spatially detailed evaluation of evolving ground conditions. Such capability
supports improved situational awareness and more effective decision-making in the immediate
aftermath of seismic events.
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