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Abstract: Emergency response is a knowledge-intensive process that is very hard to model and automate. This primarily
returns to the unpredictability and unrepeatability nature that characterises such process. Traditional modelling approaches are
too rigid and do not effectively support the flexibility and dynamicity required by emergency response process. Case
Management Model and Notation (CMMN) is a new standard modelling specification that has recently been released by Object
Management Group (OMG) to standardise the modelling of Case Management approach. The objective of this study is to
demonstrate how the CMMN can be used to model emergency response process. The authors use the CMMN to build a
template model for a generic emergency response process. This model can easily be extended or interchanged among different
modelling tools or execution platforms. In addition, they present a case study of a flood management process as a concrete
example of using CMMN in modelling emergency response process. Finally, they conclude that the CMMN has a great potential
to model case-based processes such as emergency response, but CMMN still in its infancy. As a result, there is a lack of
mature modelling tools and execution engines to execute the CMMN models.

1

Introduction

Emergency response is the most critical stage in Emergency
Management. It is time-critical, knowledge-intensive, unstructured,
very dynamic, and very difficult to pre-define all possible response
scenarios [1–4]. In emergency response, exceptions are norms and
each emergency incident presents unusual elements [5, 6].
Therefore, emergency response has to be scalable, flexible, and
adaptable [7–9]. However, modelling and designing a software
system to support the emergency response requirements are
challenging [10, 11]. Furthermore, there is a research call in the
domain of Business Process Management (BPM) for further
domain-specific studies on how to apply process style approaches
and techniques on various use cases applications (e.g. emergency
response) [11, 12].
Emergency response becomes an interested application area for
the Case Management approach [10, 13–15]. However, modelling
emergency response process is very complicated, and this returns
back to the unpredictable and unrepeatable nature of such process.
Each emergency incident is unique and emergent especially in
large-scale emergency events. Furthermore, each emergency
incident requires different response activities and protocols based
on the type, size, and complexity of the situation. Therefore,
having a complete predefined model for all types of emergency
response is impractical. Such case needs a flexible modelling
approach that can be maintained and modified gradually. In
addition, the model has to be adaptable to handle the exceptions
and guide the knowledge workers (e.g. emergency responders).
Unfortunately, traditional process-oriented modelling approaches
(e.g. Business Process Model and Notation (BPMN)) fail in
supporting such requirements [16–19].
Case Management approach with its accompanying modelling
standard (Case Management Model and Notation (CMMN))
provides a flexible way to deal with the complexity of emergency
response process. CMMN can be used to define the initial
emergency response model based on the existing and known best
practices, protocols, regulations or emergency operations plans
(EOPs). Then, the CMMN model can easily be refined to
accommodate any emergent requirements or adopt new best
practices learned from previous cases. CMMN can also be used to
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define a solution template for developing a case-based emergency
response system. This system acts as a guidance to the emergency
response personnel in handling emergency incidents. Nevertheless,
CMMN still a new and immature standard, and there is uncertainty
about its applicability in real-world scenarios [20].
This paper aims to show how CMMN can be used to model
emergency response process. This paper describes a CMMN
modelling of a generic emergency response process as well as a
case study of flood management process. In addition, this paper
outlines the execution semantics of such model according to the
OMG's CMMN standard specification. However, the execution
considerations of the CMMN model is not in the scope of this
paper due to the absence of mature execution platforms (engines).
The remaining of this paper is organised as follows: Section 2
provides a summary review on the existing process modelling
approaches including CMMN. Section 3 outlines the related works
that use process modelling for emergency response process.
Section 4 explains how to use the CMMN to model a generic
emergency response process. Section 5 discusses a case study of a
flood management process as a concrete example of emergency
response scenario. Section 6 briefly describes the execution
semantics of the CMMN model. Finally, Section 7 concludes this
paper by a summary of key findings and potential future work.

2

Background

Process modelling that supports model-driven execution can be
generally classified into two main approaches: activity-centric and
data-centric [21, 22]. Fig. 1 illustrates a simple and noncomprehensive taxonomy of these approaches. Activity-centric
(process-centric) is the traditional business process modelling
approach that can be imperative or declarative [23]. Imperative
activity-centric approach is intended to support control flow of
predictable and repeatable business process (routine). This
approach focuses on the activities and their performing sequence
(control flow) through an explicit definition of the process model at
the design-time. Some examples of process models that follow the
imperative activity-centric approach include Petri nets [24], BPMN
[25], Event-driven Process Chains [26], and UML Activity
Diagrams [27]. Declarative activity-centric approach is proposed
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Fig. 1 Process modelling approaches

to enhance the flexibility of the traditional workflow management
systems in supporting the loosely-structured processes such as
DECLARE [28, 29] and DCR Graphs [30–32]. The researchers of
[33, 34] proposed hybrid process modelling; i.e. combining some
of imperative and declarative activity-centric approaches. For
example, BPMN-D [35].
The second business process modelling approach is data-centric
(information-centric). In this approach, the focus becomes more on
the data structure and its lifecycle to drive the business process,
and to deal with emergent events and requirements (event-driven).
Data-centric approach is developed to enable more flexibility into
the business process at the run-time in order to effectively handle
unpredictable and unrepeatable cases. Artefact-centric (business
artefacts) process model is a specific and popular type of datacentric approach that has an information (data) model and a
lifecycle (behaviour) model [36, 37]. The lifecycle model can be
imperative such as finite state machine (FSM), or declarative such
as guard-stage-milestone (GSM) [38, 39]. GSM provided the basis
for the development of CMMN specifications. Hinkelmann and
Pierfranceschi [40] called for a hybrid activity-centric and datacentric modelling approach by combing both CMMN and BPMN.
In contrast, Auer et al. [41] argued that a hybrid approach will not
be suitable, and instead of that a full integration is needed.
CMMN is a specification that defines a common meta-model
and notation for modelling a case in the context of the Case
Management [42]. CMMN also defines an interchange format for
exchanging case models among different tools. Object
Management Group (OMG) released the CMMN 1.0 in May 2014
[43]. Later, in December 2016, OMG released the CMMN 1.1 that
addresses the reported technical issues related to the first version
(CMMN 1.0) [42]. The development of CMMN has been
influenced by many ideas and concepts exist in the literature as
well as some commercial products [44]. A short introduction and
tutorial about CMMN 1.0 can be found in [45].

behaviour at run-time for a disaster response. They used the
concept of scenarios with a formal and operational semantics based
on Petri nets and life-sequence charts to enable adaptation of
process dynamics. However, they mentioned that the proof-ofconcept run-time environment to implement their concepts and
algorithms is one of the future works.
Kirsch-Pinheiro and Rychkova [48] explored the role of context
data in Case Management, and proposed a context meta-model and
architecture to enable a dynamic information representation. Then,
they illustrated their findings on a flood crisis management process
example using the FSM. They stated that this approach will help in
integrating the contextual events and parameters into a process
definition that can provide an automated guidance by suggesting
the suitable activities for a particular situation.
Kushnareva et al. [49] proposed an intension-driven approach
for modelling a crisis management process from goals to scenarios
based on MAP and Statecharts formalisms. They stated that this
approach helps in aligning the crisis management strategic level
(goals) with the operational level (executable scenarios) through
translating the MAP model into the Statecharts model. In other
research works, Kushnareva et al. [50, 51] compared the activityoriented (BPMN) and state-oriented paradigms (Statecharts) for
supporting a crisis management process (flood scenarios). They
concluded that the state-oriented modelling with Statecharts has a
great potential for crisis management process, but the Statecharts
notation needs an extension for the specifics of crisis management
process.
As can be seen from the literature review described above, and
to the best of our knowledge, we did not find a case study on the
usage of CMMN in the emergency response scenario – only other
related non-standardised approaches were used. Therefore, this
work attempts to help in explaining the implementation of CMMN
in the emergency response domain as well as, in general,
evaluating the CMMN applicability and simplicity.

3

4

Related work

There are several case studies exist in the literature that use
different process modelling approaches to model the emergency
response. Rueppel and Wagenknecht [46] discussed the dynamic
process modelling of emergency management activities. They
proposed an approach that combines a meta-model of emergency
management activities with a formal process model called ADEPT
to support the dynamic changes of the process at the execution
time. They demonstrated this approach on an operational flood
scenario. Finally, they indicated that their future work will focus on
the refinement of the meta-model as well as developing a prototype
to evaluate their approach.
Fahland and Woith [47] presented an approach with declarative
techniques to model adaptive processes that can change their
302

Emergency response process modelling

There are no universal standard activities for emergency response
process. Emergency response process varies based on the type,
size, and complexity of the emergency incident. Therefore, having
a single and complete model for all types of emergency response
process is infeasible. Similarly, responding to emergency incidents
without generic guidance or initial plan is ineffective. Fortunately,
CMMN provides the most effective and efficient solution to this
issue. CMMN can be used to define a flexible model that contains
the essential activities of emergency response process, and acts as a
guiding template for emergency response personnel. This CMMN
model can also be extended or used to develop a case-based
emergency response system.
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Fig. 2 Basic emergency response stages

In general, emergency response process follows four basic
stages (shown in Fig. 2: Situational Awareness, Resources
Activation,
Resources
Coordination,
and
Resources
Demobilisation. Each stage has its own activities that vary based
on the type, size, and complexity of the emergency incident.
However, there are some common activities that are usually
applicable for most of the emergency incident types. We use these
activities to demonstrate how CMMN can be used to model the
emergency response process. This model can also be extended for
various incident types and more complicated emergency response
scenarios.
The CMMN model for emergency response process is
illustrated in Fig. 3. This model represents the basic emergency
response stages (shown in Fig. 2) and possible associated activities
by using the modelling notation of CMMN. The first Stage is the
Situational Awareness which intended to identify, process, and
comprehend the critical elements of information about an incident.
The CMMN decoration marks used in this Stage are
PlanningTable ( ), Required (!), and Repetition (#). The
PlanningTable mark ( ) refers to the scope of run-time
planning of discretionary items (available inside the Situational
Awareness stage) that can be considered for planning (e.g. Fetch
incident-related data and Send notification). Discretionary items
are optional items (stages or tasks) that can be defined in the
planning phase (design-time), and these items can be activated by
the case worker in the execution phase (run-time) according to
his/her discretion. Discretionary items are depicted by a dashed
line. The Required mark (!) specifies that the Situational
Awareness Stage is required to complete or terminate before the
containing CasePlanModel can complete (i.e. case completion).
The Repetition mark (#) specifies that the Situational Awareness
Stage will have repetitions (each repetition is a new instance of
it).
The Situational Awareness Stage consists of three activities:
Gather incident information, Fetch incident-related data, and Send
notification. Gather incident information is a Blocking
HumanTask to collect the basic information about the emergency
incident. Gather incident information is automatically activated –
i.e. there is no ManualActivation mark (>) – once the case
instance is initiated. Gather incident information is an essential
activity in the Situational Awareness Stage, therefore it is
Required (!). As it is a continuing activity during the emergency
response execution, we used the Repetition mark (#) to
represent this behaviour. Fetch incident-related data is a
discretionary ProcessTask to automatically extract any incident
related data stored in internal or external databases like response
guides, EOPs, standard operating procedures (SOPs), building
blueprints and so on. This task can be repeated (#) each time the
incident information is updated. Send notification is a discretionary
Non-blocking HumanTask to send notification messages, like
alerts or warnings, to the respected authorities or communities.
This activity is manually activated (>) when required, and can be
repeated multiple times (#). The completion of the Situational
Awareness Stage (◊) triggers the achievement of the Milestone
Incident Recognised. This Milestone is a prerequisite (◊) to the
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activation of the second emergency response Stage Resources
Activation.
The Resources Activation Stage is used to activate available
response resources and capabilities based on the identified incident
requirements. This Stage is required (!), auto completed (▪),
manually activated (>), and repeated (#). We use the
AutoComplete (▪) in this Stage because it does not contain
discretionary items and thereby it will be automatically completed
after the completion of all its child elements (tasks). The Resources
Activation Stage contains two basic activities: Order resources
and Mobilise resources. Order resources is a Blocking
HumanTask to request for response resources – like personnel,
equipment, and tools – based on the type, size, and complexity of
the emergency incident. This task is required (!), manually
activated (>), and repeated (#). Mobilise resources is also a
Blocking HumanTask to prepare, organise and deploy the
requested response resources. It is also a required (!), manually
activated (>), and repeated (#) task. The completion of the
Resources Activation Stage triggers the achievement of Resources
Activated Milestone.
The third emergency response Stage is the Resources
Coordination. This Stage is used to plan response activities, and
to manage response resources based on the type, size, and
complexity of the emergency incident. This Stage has a
PlanningTable ( ) for the contained discretionary items. It is
also manually activated (>) and repeated (#). The activities
included in this Stage are: Create Incident Action Plan (IAP),
Update IAP, and Approve IAP. IAP is an example of a standard
incident management plan that can be used to formally document
the incident goals, operational period objectives, response strategy
and other details. IAP can be simple or very complicated based on
the emergency incident characteristics. Create IAP is a
discretionary and manually activated (>) Blocking HumanTask
to develop the IAP. After the creation of the IAP, it has to be
approved through the Approve IAP. Approve IAP is a repeated (#)
Blocking HumanTask to authorise the publication and execution
of the IAP. IAP is a dynamic document that can be updated or
changed any time based on the emergent requirements, and this can
be done by using the Update IAP. Update IAP is a manually
activated (>) and repeated (#) Blocking HumanTask. Updates or
changes to the initial IAP trigger the Approve IAP. The completion
of the Resources Coordination Stage triggers the achievement of
Resources Coordinated Milestone.
The fourth and last emergency response Stage is the Resources
Demobilisation. This Stage includes the orderly, safe, and
efficient return of response resources to its original location and
status. It can only be manually activated (>) if the Resources
Activated Milestone is achieved (◊). It is also required (!), auto
completed (▪), and repeated (#). The Resources Demobilisation
Stage contains one required (!), manually activated (>), and
repeated (#) Blocking HumanTask to return the ordered and
activated response resources. After the completion of the
Resources Demobilisation Stage, the Resources Returned
Milestone is triggered.
In addition to the basic emergency response stages, the incident
in some cases might require additional activities like Investigate
the incident. Investigate the incident is a discretionary CaseTask
that can be used to call another case – i.e. opening a case for
investigating the root causes or effects of the emergency incident.
Close
incident
and
Cancel
incident
are
)that can be used by the end user to
manually close or cancel the case at any point of time during the
case lifecycle.
The CMMN model for emergency response process illustrated
in Fig. 3 has an XML file representation according to the OMG's
CMMN XML-Schema specification [42]. Fig. 4 shows an excerpt
from the XML file representing the CMMN model for the
emergency response process based on the CMMN 1.1 exchange
format.
UserEventListeners(
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Fig. 3 CMMN model for emergency response process

5

Case study

In this section, we describe a case study of a concrete emergency
response process example. This case study demonstrates how
CMMN model can be used in more specific and realistic scenarios.
The example is a flood management process based on the work of
Kushnareva et al. in [50, 51]. This process is modelled by BPMN
and implemented in the COS Operation Centre (COSOC) system.
This system is developed by COS&HT company to manage the
floods crises of Oka River in the Moscow region, Russia.
Kushnareva et al. also presented an alternative model based on the
Statecharts model. However, in this case study, we focus on the
original BPMN model, and we show how it can be re-represented
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by CMMN instead of Statecharts model. Furthermore, we highlight
some of the advantages of using CMMN over the Statecharts.
Floods on the Oka River are seasonal events, and threaten the
living areas and critical infrastructure (e.g. railway bridge, a
pontoon road bridge, an electric power plant, industrial storage
facilities etc.). The emergency response personnel use the COSOC
to collect the incident-related information, and to manage the
response operations according to predefined emergency
management guidelines. The flood management process is
triggered when the water level of the Oka River reaches above 10
cm. The response actions are event-driven and escalated based on
the development of the incident severity (e.g. reached water level,
response units’ reports etc.). Table 1 shows the different events and
corresponding response activities supported by the COSOC flood
IET Softw., 2017, Vol. 11 Iss. 6, pp. 301-308
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Fig. 4 An excerpt from the XML file representing the CMMN model for the emergency response process

Table 1
Stage
0

Events and response activities of COSOC BPMN-based flood management process [50, 51]
Event
Response
ID
Description
ID
Description

1.1

E0
E1
E2

flood alert: h > 10 cm
end of alert
emergency: h > 10 cm and keeps rising

1.2

E3

elevated risk: h > 25 cm

E4
E5
E6

request for resources
report: resources are sent
high risk: h > 40 cm

E7
E8
E9
E10
E11
E12

request for evacuation
alert: h > 45 cm
request for rescue operation
alert: streets are flooded
alert: electric power plant is flooded
below critical: h < 25 cm

E13

end of emergency

2

management process (actors are ignored because they cannot be
modelled in CMMN).
Fig. 5 illustrates the CMMN model for the flood management
process of this case study. The model includes three main stages:
S0. Flood Alert, S1. Flood Emergency, and S2. Restoring Normal
Functioning. These stages are initiated according to the triggering
event that represents the incident escalation (i.e. increased water
level). The first activity in the model is Get water level, which is
depicted as a ProcessTask. The purpose of this task is to gather
the real-time information of water level from the environment
monitoring resources (e.g. social networks, wireless sensors, video
cameras etc.). Based on the collected information, the situation is
evaluated through a DecisionTask called Evaluate the situation.
This task invokes a DMN model that contains the events and their
corresponding decisions (response activity) based on the reported
water level (E0, E2, E3, E6, E8, and E12). For example, the event
E0. Flood Alert: h > 10 cm initiates the first Stage S0. Flood
Alert, which includes one Blocking HumanTask called T1. Set
temporary barriers. In case of the water level goes down again
within 12 h, the emergency alert is ended E1 (end of emergency).
IET Softw., 2017, Vol. 11 Iss. 6, pp. 301-308
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T1
—
T2
T3
T4
T5
T6
T7
—
T12
T10
T4
T13
T8
T9
T11
T14
T15
—

set temporary barriers
end of Alert
state of emergency
alert people
evacuate people
provide boats, pontoons
supply with water
request reinforcement
resources are sent
limit traffic/create deviation
shut down electric power station
evacuate people
close bridge
rescue operations
pump out water from streets
secure electric power station
remove barriers
organise reconstructions
end of emergency

This can be modelled in CMMN as a TimerEventListener ( )
to catch predefined elapses of time.
The second Stage S1. Flood Emergency is initiated when the
event E2 (Emergency: h > 10 cm and keeps rising) occurs. This
Stage has two sub-stages S1.1. Preparation and S1.2. Emergency
Control to deal with different scenarios of flood management based
on a variety of event escalations. For example, in case of E6 (high
risk: h > 40 cm), two Blocking HumanTasks must take place:
T12. Limit traffic/Create deviation and T10. Shut down electric
power station. Another example is the T11. Secure electric power
station which is a Blocking HumanTask that must be carried out
when either the event E8 (alert: h > 45 cm) or E11 (alert: electric
power plant is flooded) occurs. E4, E9, E10, and E11 are
UserEventListener ( ) to catch events that are raised by a
user. A new construct introduced in this case study is the
CaseFileItem ( ) which represents a piece of information of
any nature (structured/unstructured; or simple/complex). This
element is used to model the report of E5 (resources are sent).

305

Fig. 5 CMMN model for flood management process

Finally, the third Stage S2. Restoring Normal Functioning is
initiated when the water level goes under the critical level E12
(below critical: h < 25 cm). This Stage includes two Blocking
HumanTasks: T14. Remove barriers and T15. Organise
reconstructions. After completing this Stage, the incident
emergency is ended E13 (end of emergency) and the case can be
closed.
As a conclusion, we found that there are several advantages of
CMMN over the Statecharts recommended by Kushnareva et al. in
[50, 51]. First, CMMN is a standardised modelling approach which
is developed and maintained by a professional organisation
(OMG). This definitely encourages the industry vendors to
implement and support, especially the ones who have contributed
to the development of CMMN specifications. Second, CMMN
supports the invocation of a decision table modelled by DMN
through a DecisionTask. This helps in separating the decision
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logic (i.e. business rules) from the process logic (i.e. business
activities) as recommended by process management best practices.
Furthermore, this simplifies the process modelling and encourages
a centralised business rules management. Lastly, Statecharts model
focuses on the states modelling and does not explicitly show the
tasks (activities), however, CMMN model does. Furthermore,
CMMN has the feature of modelling discretionary items (Stage or
Task) which helps in defining the scope of run-time planning for a
certain context.

6

Execution semantics

The execution semantics of CMMN is described by the lifecycle of
important CMMN element instances, including Task, Stage,
Milestone, EventListener, and CaseFileItem [42]. In
addition to that, there are behavioural property rules that also
describe the behaviour of a case management engine. These rules
IET Softw., 2017, Vol. 11 Iss. 6, pp. 301-308
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include
Applicability
rule,
Stage.autocomplete,
ManualActivationRule, RequiredRule, and RepetitionRule.
A Case instance contains both information model
(caseFileModel) and a behavioural model (casePlanModel). In
addition, there are roles (caseRoles) that correspond to humans
who could participate in handling the Case. The caseFileModel,
casePlanModel, and caseRoles are all initialised when the
Case instance is created, and the Stage instance that implements
the caseFileModel starts executing in an Active state. While the
Case instance is not in a closed state, the caseFileModel can be
modified, planning can occur, and human participants can be
assigned to roles. A detailed description about the CMMN
elements’ lifecycles, instance states, and transitions is available in
the OMG's CMMN 1.1 specification standard document [42].

[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]

7

Conclusion and future work

The characteristics of emergency response represent a knowledgeintensive, unstructured, and dynamic process. Dealing with
unpredictability and unrepeatability are some of those
characteristics. This implies that modelling emergency response
needs a flexible and adaptable approach to handle exceptions and
accommodate emergent requirements. Traditional process-oriented
modelling approaches (like BPMN) lack such capabilities, and
therefore are not suitable to model Case Management work (like
emergency response process). CMMN is a new modelling
approach recently introduced by OMG to address such limitations,
and support the concepts and principles of Case Management
approach.
This paper briefly introduced the different process modelling
approaches including CMMN, and demonstrated how CMMN can
be used to model a generic emergency response process. This paper
also showed a sample of XML file representation for the CMMN
model that can be used for model interchange among different
modelling tools or execution platforms. Furthermore, this paper
presented and discussed more specific case study based on a
concrete example of flood management process. The execution of
CMMN model has been briefly discussed to understand the runtime behaviour of CMMN elements.
Despite CMMN is a promising modelling approach for Case
Management, it is still in its early adoption stages by industry
vendors. This probably returns to the technical issues associated
with the first version of the CMMN standard (CMMN 1.0).
Recently, OMG has done great efforts to resolve the reported
issues, and released a new version of CMMN standard (CMMN
1.1), which will hopefully be more refined and stable.
Consequently, there is still a lack of mature modelling tools and
execution platforms to support the implementation of CMMN; but
we believe that the near future is promising. Our future work will
focus on the refinement of the presented model as well as the
execution considerations on a mature run-time platform.
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