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a b s t r a c t 

A perennial simulation framework is proposed within the domain of crisis management 

simulation. Motivated by a need for establishing information superiority through decision- 

support analysis, the framework is designed to use symbiotic simulation and is also suit- 

able for the hindsight and foresight studies that drive crisis-related preparedness exercises. 

The framework provides a novel feature of incorporating Human in the Loop simulations 

using virtual reality as a part of the symbiotic simulation. We coin the term perennial 

simulation to refer to our framework being enduring (the simulation working symbioti- 

cally with the real system), and recurring (performing “what-if?” simulations and continu- 

ally providing feedback to the real system). 

Three case studies examine the application of the framework to crisis-related scenarios. 

The framework is shown to be useful and capable of dealing with crisis situations and 

adding value to existing expert advice, forming a symbiotic feedback loop that aids crisis 

management. 

© 2018 Elsevier B.V. All rights reserved. 

1. Introduction 

The magnitude of preparedness in crisis management is not to be understated. The nature of a crisis is unpredictable and 

rare, but when similar crises occur, a “before and after” comparison of management techniques is striking. Two hurricanes 

of similar intensity struck Galveston and Texas at the turn of the 20th century, but the latter claimed 99.1% fewer lives 

[1,2] . Sometimes, comprehensive preparedness reaps additional rewards. Motivated by concerns regarding a critical influx 

of people into the city of Los Angeles for the 1984 summer Olympic games, officials installed a modern, automated traffic 

control system that exists to this day [3,4] . Such an event is termed “crisis-similar”, as it has similar unpredictability, miti- 

gation techniques, and focus on preparedness as more well-known crises such as natural disasters. The common constraints 

on all crises are information and time, with the crisis manager attempting to achieve information superiority over a cri- 

sis immediately after its occurrence [5,6] . With these observations in mind, we present a perennial simulation framework 

for management of crises and crisis-similar events. In addition, our framework attempts to exploit modern technological 

developments in the field of computer science. The framework is also flexible enough to provide hindsight and foresight 

studies for use in crisis-related preparedness exercises. We call our framework perennial because it is enduring and recur- 

ring - enduring because the computer simulation works symbiotically with the real system it is simulating, and recurring 

because the framework continually performs “What-if?” simulations to source for the optimal (or sub-optimal solution) for 
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feedback control into the real system. The framework also allows humans in the loop (HITL) to run in the symbiotic en- 

vironment. To our knowledge, this has not been applied before in symbiotic simulation. In addition to the contribution of 

the framework itself, we also provide a proper categorization and classification of different types of crises. Following this, 

we describe several real-world case studies to test the efficacy of the proposed framework. These contribute to the knowl- 

edge and breadth of the inter-disciplinary field of crisis management simulation. The remainder of this paper is organized 

as follows. Section 2 covers related work in the field of crisis management simulation and how our framework compares 

with similar work in symbiotic simulation and dynamic data-driven application systems (DDDAS). Section 3 describes the 

framework. Section 4 covers its usage in three case studies, together with the results analysis. Section 5 concludes the paper. 

2. Literature review 

2.1. Definitions and taxonomy 

The notion of crisis management is dependent upon an event known as a crisis. 1 Within this paper, these terms are 

defined as follows. These terms have not been standardized within the crisis management community, but our provided 

definitions are consistent with their usage in the literature. 

Definition 2.1 (Crisis) . A crisis is a disruptive event that is difficult to predict. If mismanaged or otherwise left unchecked, 

a crisis will have a cascading effect, leading to a loss of life or resources. Crises may either occur naturally or be instigated 

and exacerbated by an iniquitous entity. Crises require swift action to mitigate their destructive potential. 

Definition 2.2 (Crisis management) . Crisis management is the set of direct actions taken to prepare for, respond to, and 

mitigate a crisis event. These actions involve intervention points between various escalating stages of a crisis, and use infor- 

mation superiority in an attempt to disrupt the cascading effect of a crisis. 

The taxonomy of crises is broken down into three categories. Most early work considers natural or man-made accidental 

disasters such as fires, earthquakes, and major traffic collisions [5–8] . The second general category is an incited incident , 

which includes agents acting against the goodwill of the general public [7,9] . These include terrorist attacks and insider 

threats, and are complicated by the fact that the instigator of the crisis continues to consciously act to prolong the crisis. 

Finally, a business disaster centres around loss of capital or public confidence for a given corporation. These types of crises 

may involve insider trading and poisoned product scares, but are not considered within the scope of our framework. 

All crises share similar properties. The most prominent characteristic of a crisis is its rapid scaling-up of small-scale 

disasters into wider, full-blown moments of panic [10] . This reflects the disruptive and cascading nature of a crisis. The 

second most prominent characteristic of a crisis is the use of information sharing to counter the compounding escalation of 

such events [11] . A crisis is difficult to predict, but quick and informed action can drastically reduce its effect. 

2.2. Related work 

This section covers related work in crisis management, its simulation and other relevant fields. This work is split between 

understanding the physical event that causes the crisis, understanding how to react to it, and developing the tools needed 

to accomplish this. 

A great deal of work has been done to understand the causes of various crises. Fire spread models are thoroughly under- 

stood in most interior and exterior contexts [12–17] . Floods and earthquakes have also been heavily researched. Recently, 

studies of infectious diseases have become more frequent. Affected zones ranging in size from a single university campus 

to an entire urban region are analyzed to determine the spreading patterns of viruses such as influenza, bird flu, or HIV 

[18–20] . Healthcare uses simulation to avoid crises such as hospital overload. As hospitals operate near peak capacity, pri- 

ority inversions and patient no-shows can, if unchecked, lead to overload. [21] attempts to reduce the former through the 

use of “Provider-Directed Queueing”, with improvements in waiting time of 44% to 76%. [22] attempts to solve the latter 

by reducing the number of appointment types . Such analytical approaches are reminiscent of crisis management’s focus on 

information superiority over a crisis. 

At a more general level, several researchers focus on secondary tasks common to all crises. Studies of infectious diseases 

tend to focus on preparedness, speculating, for example, on the effect that various historical outbreaks would have in a 

modern urban environment [19] . A fire crisis management system, on the other hand, focuses on the impact and the evolu- 

tion of the accident in order to determine optimum routing plans which minimize the routing time for emergency vehicles 

to move and for people to leave the area [15] . An earthquake can be studied from the perspective of the resources allocated 

immediately after the event [23] . Bombings can also be understood from the point of view of the egress directly after the 

attack, rather than the physical explosion itself [24] . Studies like these rely on the assumption that allocation and movement 

of human beings or resources is critical the closer one gets to the moment of crisis. The “prioritization of limited resources”

has been identified by the World Health Organization as a key goal in dealing with infectious diseases [25] . Other tools 

1 For the remainder of this paper, we consider “crisis-similar” events to be equivalent to crises. 
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