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Abstract
Recent crisis events and disasters, such as the 2021 flood disaster in Germany highlight the 
fact, that the management of multi-risks remains a challenge for risk managers and deci-
sion-makers even in highly developed countries. Nevertheless, over the past decade, new 
and innovative methods for data collection, analyses and communication have emerged and 
are increasingly being utilised in all phases of disaster risk management, e.g., from the 
domain of earth observation, artificial intelligence (AI) and social media. However, there 
are still gaps between scientific research, operative civil protection, and political decision-
making. These gaps can only be bridged by closer collaboration and exchange.
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1  Multi‑risk management

Humankind increasingly faces multiple challenges including multi-risks, compounding 
risks, cascading effects, and rapidly changing environmental and societal conditions that 
require an effective management approach. Risk management is often classified into the 
four different phases of prevention, preparedness, response and recovery, and all phases 
can benefit from novel technologies and data.

In this short communication, some selected novel approaches are discussed along with 
the risk management phases from the perspective of the German Committee for Disaster 
Reduction (DKKV), a platform focusing on the facilitating exchange of experts from sci-
ence, operational practice, administration, policy, and the public, and against the backdrop 
of the German 2021 flood disaster. This event, which also affected the Netherlands and 
Belgium, represents the deadliest flood-related disaster in Germany in 60 years with more 
than 180 fatalities and the costliest with around 30 billion EUR damage (DKKV 2022a).
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2  Prevention phase

The prevention phase, in which minimizing the effects of disasters, particularly through risk 
assessment, and impact predictions, can potentially benefit greatly from new technologies 
and methods. A prime example is the continuous acquisition of new earth observation data 
to elaborate the temporal and spatial changes of risk components, i.e., hazard, vulnerability, 
and exposure, that can form the foundation for better-informed decision making. Analysis of 
such data sets can be more efficient when applying emerging technologies such as big data 
methods and artificial intelligence (AI) (Kuglitsch et al. 2022). All these data can feed impact 
models that simulate the effects of hazard scenarios and can provide the basis for evacuation 
and emergency planning.

Although there is great potential for new modalities and technologies for the preven-
tion phase, they are not yet taken advantage of the full extent. Partly this is due to a lack of 
exchange between scientific and operative actors during which operative needs and technical 
solutions can be streamlined.

Risk awareness is another important issue to allow for risk-informed decision-making. 
Here, new technology can assist public awareness raising and trainings particularly through 
immersive technologies such as virtual and augmented realities (Itamiya 2021; Caballero & 
Niguidula 2018).

3  Preparedness phase

The preparedness phase is focusing on planning how to respond to a disastrous event and miti-
gate damage, and also comprises the forecasting and early warning systems. Forecasts of the 
2021 flood events were based on ensemble modelling utilising radar-based rainfall monitoring 
as well as hydrological models (DKKV 2022a). Early warning and alarm systems can use dif-
ferent channels to disseminate crisis information and evacuation orders. In Germany, warning 
apps, sirens, and loudspeaker messages from local fire brigades are the most common tech-
niques for warning the population. A major benefit of warning apps is the ability to dissemi-
nate various information on imminent hazards including guidelines on how to react. Similarly, 
social media offer channels for communication and also allow for two-way communication.

However, during the flood event in Germany, electricity and mobile networks failed in 
many areas so that no information could be distributed. Additionally, not everyone uses warn-
ing apps. The age distribution of fatalities in the particularly affected Ahr valley shows that 
approximately 80% of all deaths were in the age group of 60 years and older (DKKV 2022b). 
This age group generally has a lower usage of smartphones than younger people and is thus 
less likely to receive warnings. As a consequence of the flood, Germany has now changed its 
warning and alarming strategy. Sirens, which were to large extent removed since the end of 
the cold war are now being reinstalled and cell broadcasts are to be implemented, although 
technical challenges remain.

4  Response phase

The ever-increasing role of social media in the response phase cannot be denied. This is 
how volunteers and spontaneous helpers organise themselves and at the same time there is 
also the risk of fake news getting into circulation. New technologies, methods and tools can 
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support an efficient response mechanism. Nonetheless, new technology is mostly depend-
ent on a secure power supply, internet, or network connection. So, in the case of a disaster-
related blackout, it is important to use redundant methods and tools for the response phase. 
If these conditions are met, new technologies can help, especially in organisation and logis-
tics, but also in the procurement of an overview through constant site plan monitoring. 
During the flood disaster in Germany, social media were also instrumental in getting infor-
mation on the flood levels, its damage impacts, as well as on people in need of assistance.

Damage information and needs for assistance were also fostered by earth observation 
data from various actors. These include, for instance, damage reports and estimates by 
the COPERNICUS emergency service (Nereus 2018), image acquisitions by DLR (DLR 
2022a, 2022b) as well the German forces (Bundeswehr 2022). Additionally, information 
was also collected by UAVs being employed by aid organisations, local fire brigades and 
DLR (DLR 2021), as well as private citizens who wanted to contribute to the creating a 
better overall crisis mapping in the disaster situation.

5  Recovery phase

The overarching goal of the recovery phase is to ‘build back better’ (UNDRR 2015) in 
order to not recreate the situation that led to the disaster in the first place. Here, detailed 
investigations of how the disaster unfolded need to be carried out. At the same time, risk-
mitigating activities related to the prevention phase need to be employed to close the 
cycle. Again, risk-assessments and awareness-raising activities play a crucial role and new 
modalities, and technologies can contribute immensely.

6  Conclusions for future challenges

Overall, new modalities and technologies offer the possibility to greatly the management 
of multi-risks, however, they do not automatically contribute to reduced losses in a disas-
ter event. Creating disaster-resilient societies is not a challenge to which technology can 
provide the only solution as these also have limitations that need to be discussed openly. 
Although emerging technologies and data can contribute immensely to a better manage-
ment of multi-risks, these can only represent one building block in the larger frame of resil-
ience building. It is crucial that scientific experts developing and exploiting new technolo-
gies are doing so in close cooperation with operation forces to match demand and supply. 
Additionally, the policy level needs to be involved to create the conditions where more 
effective approaches are not only allowed for but explicitly requested and supported. Thus, 
exchange between science, practice, and policy needs to be fostered.
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