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ABSTRACT 

This paper introduces ZEUS, a novel software tool for the management of large-scale evacuations. The tasks 

ZEUS supports were derived from two Standard Operating Procedures, developed on demand of the German 

federal states. To this date, the authors are not aware of another software tool that gives technical support to the 

management and control of large-scale evacuations as ZEUS does. It comprises functionalities to (pre-)plan a 

large-scale evacuation, as well as functions for the management of the flow of evacuees during an evacuation 

situation. This paper describes how the requirements of ZEUS were derived from the two named planning 

frameworks and how use-cases were developed to meet the requirements; these use-cases were conceptualized as 

different steps of a workflow. In an evaluation, the paper gives credit how ZEUS can provide technical support 

for the evaluation of large-scale evacuations. The development phase of ZEUS has been finished and is presented 

in this paper; the testing phase of the application will consist of a two-staged review process: first, a controlled 

theoretical scenario is tested and, upon successful completion, a practical test on a large scale will be executed. 

Keywords 

Management of large-scale evacuations, emergency accommodation management, capacity management, tools 

for emergency management, evacuation management. 

INTRODUCTION 

Industrial accidents, earthquakes or severe weather conditions can urge authorities to evacuate citizens on a large 

scale. In Germany, for this challenging task there is currently no IT support available. This paper introduces 

ZEUS1, a module for the crisis response system of the Ministry of Interior, Digitization, and Migration of the 

German federal state of Baden-Württemberg. ZEUS is a web application offering functionalities for the 

evacuation of large groups from hazardous areas to emergency accommodations in a safer area. ZEUS functions 

are derived from two Standard Operating Procedures (SOPs) for (pre-)planning emergency situations for large 

scale evacuations and were sharpened during expert panel workshops. 

This paper explains both the design process of ZEUS as well as the application itself. Starting with identifying 

1 ZEUS is an acronym for the German title “Zentrale Evakuierungs- und Unterbringungssteuerung“, translating 

to „central evacuation and accommodation control system”. 
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general tasks for large scale evacuations in the SOPs, requirements for ZEUS were derived and evaluated during 

two workshops. These results were comprised in a design study which formed the base for the implementation of 

ZEUS. ZEUS functionalities comprise preplanning methods and functions to support authorities during a 

evacuation situation. This contains the management of collecting points (CPs), civil protection contact points for 

the allocation of persons to accommodations (CPCPs) and emergency accommodations (EAs). During an 

evacuation, ZEUS supports staff at CPCPs to find an emergency accommodation with sufficient capacity and, if 

required, further characteristics appropriate to the needs of the person/group to be assigned. The number of persons 

accommodated in an EA can be tracked to prevent overloading. ZEUS also offers a set of key performance 

indicators to reflect the allocation of emergency accommodations during and after the situation, offering the 

possibility to transparently communicate with the public. Lastly, if desired, ZEUS can mirror all performed actions 

into an event log. The developed functionalities provide technical support for disaster management authorities 

(pre-)planning a large-scale evacuation. 

RELATED WORK 

As stated, the authors are not aware of a tool, that explicitly implements governmental guidelines to enable 

authorities to plan and steer the evacuation flow during an ongoing large-scale evacuation. There exists a variety 

of tools, for modelling and simulating evacuation flows from buildings to larger regions, such as (Ronchi et al., 

2016), (Thompson and Marchant, 1995), (Ronchi and Nilsson, 2014), as well as information systems indicating 

hazardous areas, that likely need to be evacuated (Elsergany et al., 2015), (Yang et al., 2015). These systems focus 

on explaining or predicting evacuee flows; ZEUS is a tool to administer the evacuation flow during an ongoing 

crisis. 

ESTABLISHING THE REQUIREMENTS FOR ZEUS 

As stated by Kendra et al., emergency management tools must prevent to become fantasy documents, offering a 

vision but no real benefit for the responders and authorities (Kendra, Rozdilsky und McEntire 2008). Therefore, 

the development phase was preceded by an iterative series of workshops and conceptual work, including 

representatives of all identified stakeholders (such as civil protection agencies, fire department, police, etc.) that 

participated in this phase providing their expertise about the official SOPs and their real-world experience, to 

ensure fulfilling the needs of the end-users. The goal of the conceptual phase was a system specification with 

appropriate measures to fulfil these user requirements, to which all participants could commit. 

A first draft of the ZEUS Study was developed according to two SOPs, the Framework for the Planning and 
Implementation of Evacuation Measures for large scale areas2 and the Planning Framework for Disaster 
Protection in the Perimeter of Nuclear Facilities3. Both are introduced in the following. This draft included use 

cases, requirements and data models, as well as procedural constraints from the authorities, stakeholders and 

user groups. 

Table 1.  Necessary tasks listed from (Strahlenschutzkommission, 2015) 

2 Original title: Rahmenempfehlung für die Planung und Durchführung von Evakuierungsmaßnahmen einschließlich der 
Evakuierung für eine erweiterte Region (RE Evakuierungsplanung) 
3 Original title: Rahmenempfehlungen für den Katastrophenschutz in der Umgebung kerntechnischer Anlagen 

Tasks 

T1. Definition of affected communes T2. Derivation of evacuation (sub-)areas 

T3. Establishing Civil Protection Contact 

Points and Collection Points 

T4. Define required transport capacity 

T5. Warning of the public T6. Define evacuation routes 

T7. Traffic Management T8. Inform the public about helping infrastructure 

(emergency stations, evacuation routes, …) 

T9. Measures for public institutions (hospitals, 

elder homes, kindergartens, schools, …) 

T10. Measures keeping up the public order and 

maintaining the public supply (water, energy, 

…) 

T11. Accommodation and provision of evacuees T12. Establish exchange points for communication 

between evacuation area and target area 

T13. Registration of missing persons 

1004



Hellmund et al. ZEUS – Novel Support for Large-Scale Evacuations 

CoRe Paper – Open Track 
Proceedings of the 18th ISCRAM Conference – Blacksburg, VA, USA May 2021 

Anouck Adrot, Rob Grace, Kathleen Moore and Christopher Zobel, eds.  

The Planning Framework for Civil Protection in the Perimeter of Nuclear Facilities was developed by the 

Advisory Board for Radiative Protection for the Federal Ministry for Environment, Nature Conservation and 

Nuclear Safety (BMU). This framework focusses on the evacuation of the surrounding area of nuclear facilities, 

such as nuclear power plants, nuclear research reactors or intermediate nuclear storages 

(Strahlenschutzkommission, 2015). In this document, amongst others, 13 tasks (T) are named, which must be 

considered for the planning of evacuation measures around a nuclear facility. 

The Framework for the Planning and Implementation of Evacuation Measures for large scale areas is adopted 

by the Standing Conference of Interior Ministers and Senators of the federal states of Germany and helps as 

framework to plan and execute appropriate measures, structured planning and specific actions in the case of 

urgent, large scale evacuations of citizens (Arbeitskreis V, 2014). It was presented during the 200th conference of 

the Interior Ministers during the 11th - 12th December 2014 as general planning and execution recommendation 

for the evacuation of large-scale areas. After the determination of both existence of the emergency, as well as the 

area of the threat, the suggested actions for preparation and pre-planning are largely influenced by those listed in 

Table 1. In the execution phase of an evacuation, it lists seven required tasks to be in focus, which are split into 

several sub-tasks. These tasks can be found in Table 2. For brevity, the sub-tasks are omitted. A further overall-
requirement highlighted by the working group is the capability of the German federal states to support each other 

in the different actions stated above (T21). 

Table 2.  Necessary tasks listed from (Arbeitskreis V, 2014) 

Tasks 

T14. Communication with press, media and 

enterprises 

T15. Actions in the area of emergency 

T16. Alarming the first responders T17. Deployment and coordination of tools, 

machines 

T18. Public warning T19. Quality Control 

T20. Traffic Management T21. Cross-state support 

After the first expert workshop, it was decided, that ZEUS should support the preplanning phase through functions 

for the management of CPCPs and CPs, EAs. During an evacuation situation Actions in the area of emergency, 

and after the situation Quality Control should be supported. Overall, exchanging information between evacuation 

area and target area should be fostered. 

T15 - Actions in the area of emergency is split into several sub actions, from which the following four were 

selected (see Table 3). 

Table 3.  Sub-tasks of T15 

Tasks 

T15.1. Definition of the evacuation areas T15.2. Estimate number of persons to evacuate 

T15.3. Coordinate the provision of accommodation T15.4. Assignment of persons to an accommodation 

The select tasks of both frameworks then formed the base for the use-cases documented in the ZEUS Study, Alpha 
draft. Based on the experience of the expert panel, specific tasks were chosen to receive technical support through 

ZEUS (namely T1, T3, T5, T8, T11, T12, T14, T15.1-T15.4, T19, T21). From these tasks, functional 

requirements (R) which ZEUS had to fulfil were derived. Table 4 briefly describes the requirements including the 

tasks, they were derived from. It should be noted that R2.2 was not derived from a task, but from the experiences 

of the expert panel. 
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Table 4.  Functional Requirements for ZEUS and the task they were derived from 

Requirement Description Derived 

from task 

R1 Support preplanning actions through the management of 

information for EAs, CPCPs and CPs. 
T3 

R2.1 During an evacuation situation, offer functionality to define the 

evacuation area, based on a drawn (sub-)evacuation area or by 

selecting the corresponding county or commune. 

T1, T15.1 

R2.2 Depending on the progress of the situation, allow subsequent 

changes of the target area. 

- 

R2.3 Estimate the number of persons within the selected evacuation 

area. 
T15.2 

R3 Support the definition of the target area by drawing the target area 

or selecting the corresponding entities. Allow subsequent changes 

of the target area. 

T12 

R4 Offer functionality to assign EAs, CPCPs and CPs to a situation 

and create lists with assigned/active entities. 
T3, T15.3 

R5 During a situation, offer a situational overview with available 

indicators, such as created emergency accommodation capacity. 
T19, T12, 

R6 Keep track of the implemented actions in an event log. T12, T19, 

T14 

R7 Manage the allocation of persons to EAs and prevent over-usage. T15.4, 

R8.1 Offer functionality for staff at CPCPs to assign evacuees to EAs T15.4, T11 

R8.2 Offer filtering possibilities to find appropriate EAs for groups 

(such as suitability for families and elder persons or based on 

maximum distance.) 

T11, T15.4 

R9 Give an overview of the occupancy of EAs, communes, counties, 

federal states and the evacuation area and target area. 
T12, T14, 

T19 

R10 Keep track of persons send to another federal state and allow cross-

state collaboration. 

T21 

R11 Allow officials from both evacuation and target area to exchange 

information about the situation. 
T12, T21 

A workshop with an expert panel formed by members of the civil protection authorities from the cities Mannheim 

and Pforzheim, executives from the emergency management offices of the regional administrative authorities 

Freiburg and Karlsruhe and an executive of the Ministry of the Interior of Baden-Württemberg validated the 

chosen steps and suggested corrections or enhancements. The validation was performed through presented 

graphical drafts and discussions about the functionalities and standardized processes within German departments 

and disaster management authorities. Furthermore, the expert panel defined necessary information which 

complemented the data model. After this workshop, the concept was comprised as the ZEUS Study, Beta draft. 

As the data model is very specific to the domain, it was compared to the official worksheets of the fire department 

Mannheim for critical infrastructures (Stadt Mannheim, 2019). This document offers a standardized way to 

characterize infrastructures by collecting information about its address and communication partners, supplies 

(such as maximum usage time, availability of water, electricity, drugs) or capacity (space, sanitary facilities 

capacities, parking or accessibility). The characteristics for EAs, CPCPs and CPs were derived from this document 

to ensure completeness and vocabulary familiar to the domain experts. With these addenda, the concept evolved 

into the Gamma draft. 

A second workshop with an identical expert panel critically reviewed the ZEUS Study, Gamma draft and endorsed 

it in its state at that time – the review was incorporated into the document and formed ZEUS Study, Delta draft.  

Figure 1 depicts the ZEUS development process until now. It summarizes the development process: the ground 
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base was designed at hand of two planning frameworks. The result was reviewed during a first expert panel; as 

result of this panel, the model of ZEUS was extended through the official recording sheets of the fire department 

Mannheim for critical infrastructures. In a last expert workshop, the ZEUS design up to this point was endorsed 

and allotted for development. 

Figure 1.  The ZEUS development process until now 

THE ZEUS SPECIFICATION 

The results of the ZEUS Study Delta were elaborated according to the „Reference Model of Open Distributed 

Processing (RM-ODP)” in the ZEUS Specification. RM-ODP is a methodology to describe information 

technology systems and is defined in ISO/IEC 10746. This approach works with several viewpoints on a system. 

Yet, it does not demand the implementation of techniques or notations of the single perspectives. Moreover, it 

defines neutral concepts, that should be used and is therefore understood as meta model. This improves the 

flexibility of this approach. Developing the perspectives can happen parallel; nonetheless, these must be consistent 

among another (Moßgraber, 2016). 

Figure 2: The different perspectives of RM-ODP 

The different perspectives are shown in Figure 2 above. The enterprise perspective analyses users and their 

requirements regarding their functional, informational and qualitative aspects. Users and roles are defined, 

relevant use cases are described. The computational view describes the processes, calculations and algorithms in 

the system. Furthermore, the components of the system, their interfaces and interdependencies are described. The 

information perspective classifies and consolidates the requirements for the data model. This description is 

technology-independent and is conducted with classical Entity-Relationship descriptions, ontologies or UML 

(Unified Modeling Language). As the information view is very technical, it is omitted in this paper. The 

technological view defines the technologies with which the system is implemented. Used standards are introduced. 

The engineering view maps the software to a specific runtime instance with hardware requirements, networking, 

installations etc. The following sections describe the distinct perspectives. 
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Enterprise Viewpoint 

In the following, the use-cases and their interdependencies within ZEUS are described. Users and roles are 

described implicitly. The following section introduces the use-cases and subsequently maps them to the 

requirements R1-R10, which were introduced in section Establishing the Requirements for ZEUS. Lastly, the 

workflow, which is constituted by the single use-cases, is introduced. 

UC1: Management of EAs, CPCPs and CPs 

The creation of CPCPs, CPs or EAs is ideally conducted before an emergency situation takes place. Input forms 

and a map allow entering the required user input. To ease out the process of inputting information, an instance for 

reverse geocoding is integrated as well: defining a position on the map receives an address proposal and enters 

the suggestion into the input fields. It is reasonable to expect disaster management offices to already keep instances 

of each type in their existing evacuation planning processes. To smoothen the integration of those, it is also 

possible to request the GPS-position of an address. Entities in ZEUS are access restricted based on the spatial 

access authorization of the authority the user is assigned to (e.g. a city). The input modalities for CPCPs and CPs 

are similar, whereas the form for EAs are more elaborate (as discussed in Establishing the Requirements for 
ZEUS). After the creation of an entity, an entry summing up its information and enabling the user to change the 

entity is created. Further content, such as pictures or building plans, can be uploaded and reviewed here, as well. 

For EAs, this view additionally allows capacity management during an evacuation situation. Users can review the 

allocation history or update the recent allocation of persons to this accommodation. To allow cross-state 

collaboration, specific users (such as members of the Ministry of the Interior of Baden Württemberg) can place 

EAs in other states than Baden-Württemberg. This way, if the capacity of the own state is not sufficient, evacuees 

can be assigned to a location in another state. The negotiation of providing such capacities is not part of the system 

and are handled via phone or similar infrastructure. Such capacities are marked with the flag of the destination 

state. 

UC2, UC3: Defining the evacuation area, estimating the number of evacuees and defining the target area 

Starting from a map view, one can choose to evacuate either based on communes or counties. As counties are 

larger entities, communes offer a finer approach. The evacuation area can be chosen by either clicking and 

selecting municipalities or by drawing a polygon, which defines the area to evacuate enabling the user to define 

the evacuation area as sub-area of a commune. Based on the chosen area, the estimated number of people 

registered in the marked entities (county or commune) is given; this estimation is based on the official numbers 

of registered person, as recorded during a census. Figure 3 shows an example, in which six entities shall be 

evacuated. The forms allow giving the situation a name and adding a correctional evacuee value (for example 

during major events). The correctional value is added to the sum of registered persons within the marked entities 

and subsequently defines the number of evacuees. The table on the right lists all selected municipalities and allows 

(de-)selecting to adjust the area to evacuate. Both the evacuation area and the destination area are stored and 

shown in the situational overview. The same view is used to edit the evacuation area later on. For UC3 (Defining 

the target area), a similar view is utilized 

Figure 3.  Definition of evacuation area and number of evacuees 
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UC4: Associating CPCPs, Collection Points and Emergency Accommodations to a ZEUS-Situation 

Depending on its’ role, the user can associate CPs, CPCPs, or EAs to a ZEUS situation. An associated entity can 

be associated with different status; some entities need to be established or put in operation first, which is why an 

entity can be associated with a situation with, for example, an inactive or in preparation status, including a date, 

from which on it presumably is operational. After associating an entity to a situation, the dashboard (situational 

overview) shows its availability and – if an emergency accommodation is associated – takes its capacity into 

respect. Figure 4 shows the association of four entities to a situation. On the left side, the position of the entities is 

shown; the right table gives further information about this entity. Only entities the user has access to, are shown 

in this view. An entity which is not associated to a situation is marked with a grey icon on the map and grey 

background in the table. Clicking on an icon in the map highlights the corresponding element in the table and vice 

versa. The blue buttons on top allow printing the associated entities for further information dissemination. The 

green and red buttons at the bottom allow saving or discarding the changes. 

Figure 4.  Assigning entities to a situation 

UC5: Filtering Emergency Accommodations and assigning groups to Emergency Accommodations 

During a large-scale evacuation, staff at the CPCPs register and assign evacuees - according to availability and 

the needs of the group of evacuees – to an EA. The user chooses the CPCP s/he is assigning persons from; this 

step is optional and can be skipped. Based on this decision, the distances to the EAs are calculated. The user has 

the possibility to filter all available accommodations by required capacity, maximum distance, accessibility for 

wheel chair users, suitability for families or approachability for busses. The user can only assign persons to EAs 

which were associated to the situation with the status active (see UC4). After setting the filters, a colouring scheme 

indicates the suitability of all available accommodations for this group. If the capacity is not sufficient, the next 

booking would fill the allocation over 80%, or other filters do not apply, the EA is marked red. Additionally, if a 

selected accommodation is not suited for a group, a warning text explains why the accommodation is not suited. 

Nevertheless, users are able to register a group to an accommodation, to give the users the flexibility to choose an 

accommodation they think is appropriate. To ease out finding the right accommodation for the group, the table 

showing the EAs can be ordered by distance, capacity, allocation etc. 

Figure 5 shows the view for assigning a group to an EA. In the top yellow box, the user can describe the size of 

the group, the maximum distance they should be travelling and if wheel-chair accessibility or other requirements 

must be fulfilled. The table gives the colour-schemed indication which EA is suitable and which is not. A click 

on the chosen entity lets the map focus on the EA. The green and red buttons at the bottom are used to confirm or 

disregard the booking. The legend on the bottom-right corner explains the used icons; the button on the top-right 

corner gives a short tutorial of the views’ usage. 
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Figure 5.  Assigning evacuees to an EA 

UC6: Situational Dashboard 

All available information about a ZEUS situation can be accessed through a dedicated situational overview. It 

contains the municipalities in the evacuation area, the number of persons to evacuate and the currently available 

capacity. Furthermore, the number of activated CPs, CPCPs, and EAs (distinguished in short-, mid-, and long-

term accommodations) is summed up. A map shows the position of both evacuation and target area, as well as all 

associated EAs, CPCPs and CPs and their status. The different steps for the use cases can be accessed from this 

view as well. 

UC7: Key Performance Indicators 

To gain further insights about the situation, the allocation history for the situation can be depicted in graphs. This 

is possible for the allocation history of every affected EA, commune, county, federal state and the whole ZEUS 

situation. 

UC8: Event log 

A mirroring function writes all taken measures into the event log– a dedicated tool of the Ministry of the Interior 

of Baden Württemberg protocolling all taken measures to give account for a given situation. 

The ZEUS Workflow for Managing Evacuation Situations 

This section introduces the ZEUS workflow for evacuation situations, consisting of the use-cases UC2-UC8. The 

workflow supporting the preplanning phase of an evacuation situation (UC1) is not discussed here. As Figure 6 

shows, the actions described in this workflow highly depend on another. After the decision to evacuate a large-

scale area was taken, the responsible authorities (depending on the size of the area, the local authority of a village, 

city or the district administrator respectively the government district) from the area to evacuate can open a new 

situation by defining the area to evacuate and giving the situation an appropriate name (UC2). All further steps 

and created data for the overcoming of this situation are linked to this situation. The evacuating authorities can 

subsequently assign CPs (UC4) and access all tasks related to the situational overview, as described in UC6-UC8. 

This information can be used to inform the public about the associated CPs or the progress of the situation. After 

creating a situation, the authorities from the target area can step into action and review the situational overview. 

With the information at hand, from where and how many people need to be evacuated (UC6-UC8), the receiving 

authorities can define a target area (UC3). In the next step, this allows the appropriate entities (EAs and CPCPs) 

from the target area to be associated to the situation (UC4). After both EAs and CPCPs are assigned to the 

situation, staff at the CPCPs can assign persons to EAs. It should be noted that ZEUS allows staff at CPCPs, that 

are not assigned in ZEUS but are established in reality, can still assign persons to EAs (see UC5). As last step in 

this workflow, staff at EAs can feed back their capacity numbers into ZEUS. This information is aggregated in 

UC6-UC8 and therefore available to the authorities. 
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Figure 6  The ZEUS Workflow during an evacuation situation 

Computational Viewpoint 

The functions of ZEUS are based on CRUD-operations (create, read, update, delete) of the use case data and the 

respective processing. Data can be either processed to create lists of the required entities, to create maps on which 

the position of the entities is shown or to consolidate information in time series graphs. Upon the returned data, 

spatial processing may take place. Usually, it is of interest for the user to know if an element is within a chosen 

polygon or if the user has the access rights to read the specific data. 

Technology Viewpoint 

ZEUS is implemented as service for WebGenesis, a web-based software framework developed by Fraunhofer 

IOSB to implement knowledge-based information systems. It supports the integration of heterogeneous data as 

well as maps in different formats, supporting several open standards. For geospatial data, services from the State 

Office for Geographic Information and Rural Development Baden-Württemberg (LGL-BW) are used. 

Engineering Viewpoint 

The software is deployed in the data centre of the state of Baden-Württemberg, which assigns the required 

resources to the machine serving ZEUS. The clients requesting ZEUS need a modern web browser, such as 

Mozilla Firefox 74 or Google Chrome 80 and above. All machines require access to the internet.  

EVALUATION 

This chapter introduces a first evaluation of ZEUS and its developed functionalities. The first section investigates, 

if the requirements defined in the designing process of ZEUS were fulfilled. We argue, that a fulfilled requirement 

implies technical support for the task it was derived from. Before going into production, ZEUS will undergo a 

review process which is discussed in section two. If the review process is finished successfully, ZEUS will be 

deployed statewide. 

Mapping from Use-Cases to Requirements 

The requirements of ZEUS were developed according to two frameworks for the planning and execution of 

evacuations. These requirements were elaborated and reviewed during two workshops with an expert group of 
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stakeholders. This chapter presents the combination of both requirements and use-cases to give credit if, or if not, 

ZEUS can give technical support to the planning and execution of a large-scale evacuation in way demanded by 

the two introduced frameworks. 

By creating EAs, CPCPs and CPs before a situation (UC1), ZEUS allows the user to identify appropriate objects 

to overcome a potential evacuation situation both in the evacuation and target area. With this functionality, 

technical support for R1 is given. 

During a evacuation situation, after the decision for an evacuation has been taken, ZEUS allows defining the 

evacuation area by choosing a specific area or a complete municipality. The number of evacuees is calculated 

based on the number of persons registered in the chosen municipalities. By entering a correctional value, the 

number of evacuees can be refined. UC2 fulfils R2.1, R2.2, R2.3. Equally, UC3 gives functionality for R3. 

UC4 describes assigning and activating EAs, CPCPs or CPs for the handling of an evacuation situation. After the 

assignment to the situation, further operations with these entities within the situation are enabled. A list of all 

entities assigned with the status active can be printed and used for communication with the public or further 

responding forces. After activating an EA, the operator can feed back the recent allocation to the system. UC4 

maps to R4, R7. 

In UC5, a user is enabled to reserve a capacity contingent in an EA for a group of people. The user can quickly 

choose from important characteristics to find an appropriate EA with sufficient capacity. The user is informed if 

the chosen EA might run short on capacity to prevent overloading. This use-case maps to R7, R8.1, R8.2. 

In UC6, ZEUS functionalities for the situational overview are described. The dashboard gives a top-level overview 

to the situation and combines all relevant information, such as activated entities, evacuation area and target area, 

as well as number of evacuees and created EA capacity. This dashboard is used by officials from both receiving 

and evacuating area, giving them both access to the same information. UC6 maps to R5, R7, R9, R11. 

UC7 comprises the actual allocation numbers and available capacity on several levels: the allocation and capacities 

for each EA, commune, county, federal state or the whole situation can be seen. UC7 maps to R5, R7, R9, R11. 

UC8 describes the capability of ZEUS to keep detailed information about the implemented actions. This event log 

is accessible by both receiving and evacuating area, thus mapping to R11. 

Table 5. Mapping the requirements to the fulfilling use-cases 

Requirement Use-Case 

R1 UC1 

R2.1 UC2 

R2.2 UC2 

R2.3 UC2 

R3 UC3 

R4 UC4 

R5 UC6, UC7 

R6 UC8 

R7 UC1, UC4, UC5, UC6, UC7 

R8.1 UC5 

R8.2 UC5 

R9 UC6, UC7 

R10 UC1 

R11 UC6, UC8 

Taking the tasks into respect, from which the requirements were derived, the tasks, for which ZEUS can support, 

are listed in the table below. 
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Table 6.  Compendium of mapped requirements to use-cases 

Task Description Technically 

supported through 

use-case 

T1 Definition of affected communes UC1, UC2 

T3 Establish Civil Protection Contact Points and Collection Points UC1 

T11 Accommodation and provision of evacuees  UC5 

T12 Establish exchange points for communication between evacuation area and 

target area 

UC3, UC6, UC7, 

UC8,  

T14 Communication with press, media and economy UC6, UC7, UC8 

T15.1 Definition of the areas to evacuate UC2 

T15.2 Estimate number of persons to evacuate  UC2 

T15.3 Order to provide accommodation UC4 

T15.4 Registration of persons to an accommodation UC1, UC4, UC5, 

UC6, UC7 

T19 Quality Control UC6, UC7, UC8 

T21 Cross-state support UC1, UC6, UC8 

Currently, if an evacuation occurred, the technological landscape offers no support for the listed tasks. There are 

no flexible functions to define evacuation areas or target areas; if an area is ordered to be evacuated, the place to 

which the evacuees shall be brought to is pre-defined – for every commune/county in Germany, there is a 

predefined commune/county which serves as counterpart during an evacuation situation (meaning, region A is 

evacuated to region B and vice versa). A possibility to flexibly assign groups to EAs that suit their needs, is not 

considered at the moment. For the information management of EAs, CPCPs and CPs, printed catalogues or 

isolated tools are utilized. ZEUS is the first tool offering technological support to managing and controlling the 

assignment of persons to an EA during a large-scale evacuation. 

Demonstration and Practical Review 

ZEUS will undergo a practical review in which it will give technical support in a theoretical demonstrational 

scenario. This review will be conducted by a 10-person expert panel with executives from the regional 

administrative authorities of Baden-Württemberg, supplemented by two counties and two communes. Further on, 

representatives from the fire brigade and disaster control management will be part of the panel. The review will 

take one day. If this review is completed successfully, ZEUS will be deployed statewide to be tested during a live 

drill. 

CONCLUSION 

This paper introduced ZEUS, a tool for the central management of large-scale evacuations in Baden-Württemberg. 

The functionalities, as well as the process leading to these were described. The requirements of ZEUS were 

developed according to two widely endorsed frameworks developed by high-level working groups and advisory 

boards. By comprehending the tasks within the frameworks, elements that can be technically supported were 

identified. From these tasks, the authors derived the requirements, which ZEUS had to fulfil to give valid technical 

support. After deriving the requirements from specific tasks named in the frameworks, use-cases meeting these 

requirements were developed. The use-cases were designed to be executed as tasks within a workflow. Some steps 

within the workflow can be execute independently, whilst others require preliminary steps. The ZEUS 

implementation was planned according to the RM-ODP meta model. In the evaluation, the developed 

functionalities of ZEUS were compared to the defined tasks in the named frameworks: we argue that tasks, that 

led to the description of the requirements, which were fulfilled through a use case, can be technically supported 

by ZEUS. For the time being, the source code written during this project cannot be published publicly. To this 

date, the authors are not aware of a system that gives technical support to the identified tasks during the (pre-) 

planning of an evacuation of large scale evacuations, as ZEUS does. 
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