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Abstract: During the last 150 years the average temperature of the Earth’s atmosphere has increased by
1,3 °C, leading to a significant increase in extreme environmental events and disasters in our densely populated
areas. In addition, anthropogenic disasters from large-scale accidents or warfare are on an unfortunate rise.

The ERASMUS+ project SUDEM (2023-1-BG01-KA220-HED-000159479) is establishing and validating
a novel interdisciplinary higher education knowledge transfer model and curriculum, with focus on the
digitalisation of the overall disaster and emergency handling lifecycle. The international team embeds principles of
practice and education from all relevant domains, incl. risk and disaster monitoring and management, decision-
making support, Al, 10T, Data Science, remote sensing (satellites and drones) and data fusion, data management.

The project unites a consortium of leading European Higher Education and Research organisations,
leveraging international collaboration to align academic programs with the demands of the optimal disaster
management, incl. the decision-making support. SUDEM emphasises creating adaptable and accessible
educational modules that can be implemented across diverse Higher Education and Life-Long Learning
organisations.

This paper represents the results of the SUDEM Foresight study — a core project methodology element,
enabling the elaboration and delivery of an efficient response to the identified demands and challenges, potential
solutions, a relevant system architecture, and an optimal future development scenario incl. education, process
management, policy, and finally a uniqgue knowledge and training package as a core project result.
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A6cmpakm: [Npes3 nocnedHume 150 200uHU cpedHama memrnepamypa Ha 3eMHama ammocgepa ce e
nosuwuna ¢ 1,3 °C, eodewo 8o 3Ha4UMeErHO yeenuy4yeHue Ha ekcmpemMHume npupooHU sienneHus u bedcmeusi 8
Hawume ebcmo HaceneHu patioHu. OceeH moea, aHmpornozeHHume 6edcmeusi, MpuYuHeHU om MauwabHu
UHYudeHmu unu 80UHU, 3a CbXaneHue ca 8 HapacmeaHe.

lMpoekmbm ERASMUS+ SUDEM (2023-1-BG01-KA220-HED-000159479) cb3dasa u eanudupa
HosamopcKku uHmepducyunnuHapeH moden 3a mpaHcgep Ha 3HaHus u ydebHa rnpoepama 3a eucuwie
obpasosaHue, ¢ hoKyc 8bpxy Oueumarnu3ayusima Ha Uesusi UUKbJl Ha yrpasrneHue Ha bedcmeusi u U38bHPEeOHU
cumyauyuu. MexdyHapoOHUAM eKun eKmoYea NMPUHUUNU Ha fnpakmuka u obpa3oeaHue om 8CUYKU CbOMEEemHU
obriacmu, 6KMYUMeIHO MOHUMOPUHE U yrpasneHue Ha puckose u bedcmeusi, nookperna rnpu 83emMaHemo Ha
peweHusi, UsKycmeeH UHmMesniekm, UHmepHem Ha Hewiama, Hayka 3a OaHHUmMe, OucmaHUUOHHO HabnwdeHue
(camenumu u dpoHose) u obeduHsisaHe Ha daHHU U MSXHOMO yrpassieHue.

lMpoekmbm o0beduHsisa KOHCOpUUyM om 800ewu esporielicku op2aHusayuu 3a sucwe obpasosaHue U
Hay4Hu u3crnedeaHusi, Kamo u3ros3ea mexoyHapodHOmMo cbmpyoOHU4Yecmeo 3a cbajiacygaHe Ha akadeMuyHuUme
rpoepamu ¢ u3ucKeaHusima 3a ormuMalsiHo yripasneHue Ha 6e0cmeus, 8K/IIYUMesTHo MNoodKpena rnpu e3eMaHemo
Ha peweHruss. SUDEM rniocmassi akueHm 8bpxy cb3dagaHemo Ha alanmueHu u GocmbrHU obpa3osamersiHu
moQdynu, koumo Mo2am Oa 6b0am eHeOpeHU 8 pa3fuyHU op2aHu3ayuu 3a sucwe obpasosaHue U opaaHu3auuu
3a y4eHe npes yesnus Xueom.

Hacmoswusm dokymeHm npedcmass pe3ynmamume om ¢hopcalim u3cnedgaHemo Ha rnpoekma
SUDEM - ocHoeeH enemeHm om memodosioeusama Ha poekma, Koumo ro3gosnsea uspabomeaHemo U
npedocmassiHemo Ha egeKkmuseH omao8op Ha udeHmucpuyupaHume Hyx0Ou u npeduldsukamesicmea,
rnomeHyuasnHu peweHus, nodxodsawa cucmemMHa apxumekmypa u onmumareH cyeHapuli 3a 6b0ewo passumue,
8K/IIOYUMeENHo obpasosaHue, yrnpasneHue Ha Mpouecu, rnofumuka U Hakpasi yHUKa/ieH rnakem Oom 3HaHus u
0by4eHue Kamo OCHO8eH pe3ysimaim om fPoeKma.

Introduction and background

Introduction

With climate change the global average temperature has measurably increased which in turn
has created a constantly higher relative humidity. With this, the number of extreme environmental
events has significantly risen, affecting populated and often remote areas. Additionally, anthropogenic
or human-caused disasters such as large-scale accidents and warfare consequences have also been
contributing to catastrophic loss of life and infrastructure. Dealing with these is the domain of Disaster
Management (DM) which is responsible for the preparation, response, and recovery from disasters [1].
The involved entities include emergency response services, operators and vehicles, hospitals,
communication and coordination systems, monitoring systems, weather forecasting, policy and
decision making entities, DM response control centres, and more. However, novel technologies and
methods are on the way to improve many aspects of this critical domain. Advanced Air Mobility (AAM)
is to unlock easy access to the third dimension, and digitalisation and Advanced Communication
Systems (ACS) are to enable the optimal timely AAM operations and enhance the DM'’s capabilities.

The SUDEM project — ERASMUS+ KA220

In this regard, the SUDEM project is a 2-years EU-project, coordinated by SRTI-BAS, for the
Sustainable Disaster and Emergency Management Processes Digitalisation. Its idea is to establish
and validate a novel interdisciplinary higher education and LLL knowledge transfer model and
curriculum. The project is aimed at Higher Education and Life-Long Learning organisations, and is
focused on the digitalisation of the overall disaster and emergency lifecycle planning, handling, and
management processes. The final goal is to create a pool of highly-capable DM experts with an
adequately intensive focus on digital tools incl. Unmanned Aerial Systems (UAS), and thus to
contribute to significant long-term decrease in disaster-caused life and infrastructure losses.

What is Foresight and why do we apply it?

The SUDEM project is to also deliver a Foresight document on DM, the integration of
advanced digitalisation — including ACS, and AAM. But, what is Foresight? For context, the DM
System of Systems (SoS) is a complex and interdisciplinary field, and integrating new technologies
and methods needs to be planned with strong consideration and long-term perspective of social,
economic, and environmental factors. Thus, strategic foresight allows for: the identification of thematic
challenges and opportunities for solutions, the exploration of development scenarios, and for the
provision of policy making support [2]. It is a highly flexible format which enables interdisciplinary
solution creation and development - invaluable precisely for DM, the integration of adequate digital
technologies and methods, and the widespread adoption and operation of AAM in this context.
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Our relevant public funded projects

Other relevant public funded projects where the SUDEM team participated and gathered
experience and knowledge from are the following:

- REGUAS (German Federal Ministry for Digital and Transport, 2022-2024): where it was
investigated how the supply of rural areas with high added value (and urgent) goods could be
optimally energy efficient in a regional context using multirotor UASs.

- AIRMOUR (Horizon 2020, 2021-2023): where the major outcome was a foresight on the
current status of the interdisciplinary field of air mobility, identifying the challenges and
exploring the possible solutions.

- 5GIDrones (Horizon 2020, 2019-2022): where the goal was the trialling of several UAV use-
cases for the covering of various 5G services.

- ETHER: which addresses the issue of vertical handovers between Terrestrial Networks (TN)
and Non-Terrestrial Networks (NTN) (satellites, low altitude platforms) to guarantee Quality of
Service (QoS) and service availability.

Disaster management (DM)

To further expand on DM, there are various disasters impacting Europe and the world -
natural/environmental and human-caused. The former includes floods, earthquakes, storms, strong
winds, volcanic eruptions, wildfires, and more, while the latter includes pollution, industrial accidents,
warfare, transportation accidents, etc [3]. There are multiple stakeholders and systems involved in the
preparation and response to such events which requires efficient and effective coordination for the
successful execution and completion of operations. The relevant challenges for achieving more
resource efficient DM include the following:

- Insufficient utilisation of the aerial domain (3rd dimension) in critical situations,
which is potentially a vast advantage in disaster situations (remote access and better
perspective/view point).

- Lack of or underutilisation of digital technologies for the further enhancement of
DM capabilities.

- Lack of or insufficient communication and coordination systems in critical locations.

- Insufficient situational awareness in highly dynamic situations.

- More efficient and effective structure for collaboration between stakeholders.

Moreover, 2/3 of the world’s population lives in Metropolitan areas and in many cases these
can be classified as mega cities with populations between 20 and 40 million inhabitants. Each citizen
in the world corresponds to 115 t building mass, and for a citizen in Germany — 490 t building mass.
This means that each citizen contributes with thousands of EUR towards various infrastructure, thus
protecting it is imperative, as well as optimising the resource efficiency of DM operations. Ultimately,
preparedness, mitigation, sensing, and prediction and forecasting should be just as important if not
more than simply the adequate reaction to disasters.

Towards resource efficient Disaster Management

SoS approach and why?

To achieve an optimal DM structure and integration of novel technologies and methods a
System of Systems approach is needed. A definition of SoS is: “A collection of independent systems,
integrated into a larger system that delivers unique capabilities. The independent constituent systems
collaborate to produce global behaviour that they cannot produce alone” [4]. In this context the
relevant DM systems include emergency services, sensing stations, hospitals, air traffic control,
relevant agencies, military units, volunteers, logistics, transport hubs, etc. And with the digital and
AAM domains this also includes operators, Unmanned Vehicles (UV), relevant operational and
maintenance logistical hubs, data centres, communication services, etc. Thus, SoS is needed for the
clear and better communication and coordination pathways between the relevant stakeholders, clear
operational and responsibility structure, improved process efficiency, and adequate, effective, and
timely resource allocation and tasks execution.

324



AAM

AAM can be defined as aerial systems that provide services in novel ways through the usage
of aircraft in domains that can benefit significantly from them. UAS are already in use for DM,
however, their full potential is yet to be realised. Moreover, UASs’ added value is increased in the
context of extreme emergency conditions - for example disasters, meaning that environmental
sustainability becomes secondary in this case. Also, collapsed buildings, landslides, damaged
infrastructure, harsh geography, and more can all block DM efforts in which case public service is the
priority, thus the need for aerial utilisation via UAS. Drones can perform tasks such as critical goods
delivery, situational monitoring, search and rescue, communications transfer, etc. However, for this
AAM potential to be utilised, ready, resilient, and redundant ACSs and/or smart on-board systems
must be available to ensure the operational sustainability, flexibility, and safety of the aerial systems.

Our relevant projects: insights

Work during the REGUAS project assessed the operational feasibility of rural UAS logistics for
high added value goods, with emphasis on using multirotor UAS. The assessment was conducted
through simple flight simulation, via an energy estimation model for multirotor drones in MATLAB, and
then with the execution of practical validation tests. The reference flight path was a 16 kilometres
round trip between two settlements and with a 2 kg payload. The results from the energy estimation
model include the range and the optimal energy efficient velocity of the studied multirotor UAV (as
shown on Figures 1 and 2). The conclusion was that medium-sized multirotor UAVs can perform
reasonably well at medium ranges and in remote areas with the added benefit of being able to carry
payloads of useful sizes and weights. The conducted optimal velocity estimation allows for the
planning of useful cargo amount and range.
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Fig. 1. Relation between total energy demand and mission distance for various airspeeds and a 2 kg payload,
the horizontal line represents the energy capacity of the REGUAS UAV’s battery
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Fig. 2. Relation between energy demand per unit distance and airspeed for various ranges and a 2 kg payload
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The work at the 5G!Drones project included the further development and commercialisation of
5G cellular drones teleoperated at a distance of up to 100 km or performing autonomous logistics
tasks. Furthermore, tethered drones were acting as occasional 5G base stations or
broadcasting/jamming nodes.
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Fig. 3. Public safety/saving lives use case

Digital tech incl. ACS - key AAM enablers and DM enhancers

To achieve operationally sustainable, resource efficient, and safe AAM, as well as to enhance
DM capabilities — digital technologies and methods, including ACSs, are needed. The way advanced
digital technologies, incl. ACS, will enable this is through the following:
- Monitoring of air traffic for safe DM AAM operations.
- Provision of navigational and communication capabilities in remote regions and extreme
situations.
- Defence against unauthorised system access/denial, and its misuse.
- Efficient and effective coordination by the involved stakeholders.

The key digital and ACS technologies and methods to be utilised include the following:

- Tethered drones acting as mobile communication hubs.

- Standardisation protocols — for international airspace management.

- Cybersecurity protocols which will be a key enabler of safe operations — especially important
for DM.

- Utilisation of IoT and remote sensing, edge computing, image processing, and Machine
Learning (ML), which is to allow for better and autonomous decision making and forecasting of
environmental events.

- Unmanned aerial vehicles Traffic Management (UTM) for safe and efficient AAM operations.

Novel education models —long-term operational sustainability

To ensure sustainability and operability of novel systems in the DM domain, long-term
educational pathways for new and experienced professionals must be established in higher education,
and lifelong learning and train-the-trainers methods. The main identified educational domains for the
DM domain of the future are:

- DM fundamentals: Workflow and risk mitigation, Disaster monitoring, Multi-Agent Decision

making processes, System resilience, Nuclear safety, and DM.

- Digitalisation: Data-driven decision making support, 10T, ML, Edge Computing, cybersecurity,
communication protocols, etc.

- Train-the-Trainers: long-term sustainable increase of the pool of highly capable experts and
trainers in the DM domain — to educate the people who will educate the next generations.
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Conclusion

The main conclusions of the SUDEM work so far include the following points:

An SoS approach is needed to allow for efficient and effective communication and
coordination of DM stakeholders, their systems, and for the allocation of critical resources.
AAM is a critical resource for utilising the vertical domain and allowing for better and novel DM
operations, however, its potential is yet to be fully utilised.

Digital technologies, including ACS, will be the key enabler of operationally sustainable AAM
operations, including their safety and efficiency.

Long-term educational models, in HED & LLL, on novel relevant technologies and methods
are crucial for better DM outcomes in the future.
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Fig. 6. An example of the SUDEM overall SoS approach

FORESIGHT results
What are the main findings?

- A System of Systems (SoS) approach is needed for the Disaster Management (DM) domain
together with Advanced Air Mobility (AAM) and Advanced Communication Systems (ACS), in order to
improve processes efficiency and decision-making support. AAM through Unmanned Aerial Systems
(UAS), equipped with imaging technology and sensors, can play a crucial role in situational
assessment, especially in disaster zones that are inaccessible by traditional means, and ACS will be
achieved by combining data from various sensors to plan adequate and effective resource allocation
for optimal response and prevention of tragic outcomes. Sustainable and efficient AAM will be
achieved through ready, resilient, and redundant ACSs.

- The future identified development directions, addressing the digitalisation challenges, are
focused on the need for standardised protocols, enhanced cybersecurity measures, and advanced
predictive capabilities. The optimal future, envisioned in this report, involves a fully integrated DM
framework where real-time data sharing, predictive analytics, and autonomous decision-making
systems operate seamlessly across borders.

What are the implications of the main findings?

- The DM SoS approach, through sustainable and efficient AAM which will be achieved
together with ready, resilient, and redundant ACSs, would enable a cohesive and rapid response to a
wide range of disaster types, including floods, earthquakes, wildfires, and industrial accidents,
leveraging technologies to automate and enhance resilience in disaster response.

- Based on the findings of the authors from several relevant EU projects and the findings of the
current foresight study, the main SoS development and educational domains which should be the
focus of future DM developments are: DM fundamentals & SoSs (Workflow and risk mitigation,
Disaster monitoring, Multi-Agent Decision making processes, System resilience, Nuclear safety, and
DM), Digitalisation (Data-driven decision making support, Internet of Things (loT), Artificial Intelligence
(Al), Edge Computing), ACSs, and Train-the-Trainers (towards long-term sustainable increase of the
pool of highly capable experts and trainers in the DM domain).

- Currently defined standardised AAS capabilities and long-term vision of their development
generally include wide range of current and future needs of AAS including their application to DM;
however, implementation (by vendors) and deployment (by mobile network operators) of features
crucial for AAS and DM may need systemic support from authorities/regulators and joint, cross-
industry sustainable roadmap planning.
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