
Coates et al. Adaptive Co-ordinated Emergency Response to REScUE 
 

Adaptive Co-ordinated Emergency Response to 
Rapidly Evolving Large-Scale Unprecedented 

Events (REScUE) 

Graham Coates 
Durham University 

graham.coates@durham.ac.uk 
 

Glenn I. Hawe 
Durham University 

g.i.hawe@durham.ac.uk 
  

Duncan T. Wilson 
Durham University 

d.t.wilson@durham.ac.uk 
 

Roger S. Crouch 
Durham University 

r.s.crouch@durham.ac.uk 
 

ABSTRACT 

This paper presents an overview of ongoing research into the development of an integrated framework aimed at 
adaptive co-ordination of emergency response to dynamic, fast evolving and novel events on a large-scale. The 
framework consists of (i) a decision support system, supported by rapid adaptive search methods, to enable the 
real time development of tailored response plans including emergency responder team composition and task 
allocation to these teams, and (ii) an agent-based simulation of emergency response to large-scale events 
occurring in real geographical locations. The aim of this research is to contribute to understanding how better 
agent-based simulation coupled with decision support can be used to enable the effective co-ordination of 
emergency response, involving the collective efforts and actions of multiple agencies (ambulance services, fire 
brigades, police forces and emergency planning units), to rapidly evolving large-scale unprecedented events. 
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INTRODUCTION 

High profile events in the last decade have led to emergency response becoming increasingly topical and high 
on the political and research agendas in many countries. For example, the terrorist attacks in London on 7 July 
2005, in which 52 innocent people died and more than 700 were injured as a result of four explosions, exposed 
the susceptibility of the United Kingdom’s (UK’s) emergency response capability. Indeed, the UK government 
acknowledged that weaknesses existed in its preparation and response on the day (UK Home Office Report, 
2006). It is reported that in terms of the response, which involved 240 fire and 400 ambulance service staff using 
200 vehicles, the geographical proximity of the explosions led to uncertainty over roles and responsibilities. As 
a result, the UK government has indicated that improvements must be made in developing the plans, capabilities 
and structures to be put in place to respond to future major emergencies, whatever the cause. Similarly, in the 
USA, the events of 11 September 2001, in which approximately 3000 people died as a result of four aircraft 
deliberately being crashed, have provided the drive for broad changes in emergency response procedures and 
technologies aimed at improving readiness for high consequence events (McGrath and McGrath, 2005). 

Emergency response is predominantly based on static pre-planning with assumptions being made about the 
event. This approach suffers inflexibility in the face of novel events characterised by high urgency and the 
evolving operational conditions. It is impractical to assemble an exhaustive list of potential major events and 
develop the corresponding response plans; thus it is necessary to develop adaptive co-ordination approaches for 
flexible emergency response in real-time aimed at reducing loss of life, injury to people and damage to property. 

The ongoing research overviewed in this paper aims to develop a solution to coping with fast changing, major 
events through the co-ordination of the collective efforts and actions of the multiple agencies involved in 
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emergency response. In order to achieve this aim, an integrated framework is being developed consisting of a 
decision support system and agent-based simulation environment, which will be used by practitioners related to 
emergency response. A key deliverable of the research is to provide emergency organisations with a prototype 
tool, incorporating decision support and agent-based simulation capability, which will aid practitioners in the 
design of emergency responses to major events and can be used for training purposes. Thus, a significant feature 
of the research is the involvement of practitioners to assure validity, acceptance and relevance of the work. 
Collaborating organisations include three emergency planning units and Government Office. In addition, 
contributions are being made by the three emergency services (police, fire, ambulance). In terms of their role in 
the project, these organisations provide technical input and feedback, and have been involved in discussions to 
define the characteristics, both generic and specific, of different types of major emergency events varying in 
scale, and location. Also, knowledge has been gained regarding the operational details of existing local, regional 
and national plans to cope with major events, and the response teams in place to implement them. 

RELATED WORK 

Co-ordination and decision support in emergency response 

Co-ordination has been recognised as a key element of emergency response (Militello et al., 2007); however 
academic research is scarce (Chen et al., 2008). Traditional co-ordination theories, such as those focusing on the 
management of dependencies, are viewed as having limited applicability in fast response organisations, which 
face unique co-ordination challenges due to the necessity for rapid action and the uncertain environment (Faraj 
and Xiao, 2006). The findings of an in-depth investigation of fast response organisations indicate that co-
ordination needs to be formal with hierarchical decision making while at the same time it needs to rely on 
flexible structures with on-the-spot decision making. In contrast, it has been recognised that since each 
emergency incident is unique, there is a need for flexible co-ordination structures rather than formal models of 
organisation in which centralised control structures consist of prescribed plans and procedures that cannot 
sufficiently support first responders’ co-ordination activities on the ground (Dugdale et al., 2006). This 
recognition followed a simulation of an aeroplane crash on an airport runway involving 100 victims and 4 
rescue teams consisting of medics, paramedics, fire fighters and the airport’s own rescue unit. One problem 
highlighted as a result of the simulation was that immediately after a large-scale incident, rescuers' roles and 
responsibilities changed dynamically thus making it difficult to know the actual command structure. Also, on 
arriving at the scene of a large-scale incident, rescuers’ positions and movements are not easily tracked thus 
making it difficult for command posts to organise resources and co-ordinate activities. The need is emphasised 
for crisis response teams to make flexible and creative decisions since going by the book may result in 
ineffective decisions, which may even make the situation worse (Van de Walle and Turoff, 2008). Improvisation 
is proposed as providing the required flexibility needed for real-time development and deployment of new 
procedures to address un-planned for contingencies during response to extreme events (Mendonça, 2007). 
Improvisation in emergency response uses a standard operating procedure as a 'referent', which forms the basis 
for a new course of action given the occurrence of an unplanned-for contingency. As such, a set of requirements 
is proposed for systems to provide support for extreme event decision making, including the need to recognise 
when it is necessary to improvise, to retrieve a standard operating procedure for the situation that can be used to 
derive new courses of action, and to ensure the new course of action can be executed in a timely fashion. A 
characteristic of emergency response to major events is the need for near-simultaneous development and 
deployment of a response. This need exists since in emergencies, time spent making decisions in the formulation 
of a response reduces the time available to enact the response. This inherent time constraint in decision making 
severely restricts the consideration of a large number of decisions (Mendonça, 2007) and constrains the 
capability to analyse co-ordination problems and explore the solution domain (Chen et al., 2008). To aid 
emergency response decision making, an investigation has been conducted into the use of a decision space 
visualisation tool to increase option awareness according to different weighting strategies (Pfaff et al., 2010). 

Agent-based simulations of emergency response 

Agent-based systems for simulation, which allow complex disaster scenarios and response strategies to be 
modelled, is cited as a major research area in disaster management (Fiedrich and Burghardt, 2007). An agent-
based simulator called SIMGENIS has been developed to permit what-if scenarios to be evaluated leading to the 
assessment of rescue plans (Bellamine-Ben Saoud et al., 2006). In this simulator, the environment is a 
geographic map of an incident site consisting of cells, which may be empty or occupied by safe or dangerous 
buildings, rescuer or victim agents. Rescuer agents (doctors, nurses, firemen) move and explore the incident site 
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by communicating with other rescuer agents or interacting with their environment using cognitive intelligence. 
Victim agents are inanimate and reactive in that they exhibit a continuously evolving degree of health depending 
on their location and the rescuers intervention and treatment. Four simulation scenarios were performed 
involving either a centralised or distributed organisational strategy in combination with communication via 
paper-based forms or electronic devices. For each simulation, seven configurations were used with between 73 
to 200 victims in various states of health and 35 to 150 rescuers. In all simulations, the assessment criteria used 
were minimise global evacuation time and maximise rescue rate. A finding of this work was that there is no 
‘best’ rescue plan since this depends on the disaster configuration. Another example of agent-based simulation 
employs a prototype co-ordination system, called DEFACTO, for disaster rescue that allows human-agent 
collaboration (Marecki et al., 2005). Agents exhibit adjustable autonomy such that decision control can be 
transferred to a human if the agent cannot reach a decision. Simulations were performed involving buildings on 
fire within a geographical area, and these fires spreading to adjacent buildings if they could not be quickly 
contained. Coupled with the RoboCup rescue simulation environment, in which fire engine agents search the 
geographical area and attempt to extinguish fires, DEFACTO was used to evaluate different adjustable 
autonomy strategies involving agent teams, humans only and agent-human teams. In all simulations, the 
objective was to save as many buildings as possible. Based on simulations performed using 4, 6 and 10 fire 
engine agents operating in disaster areas with up to 300 buildings, it was concluded that human involvement 
with agent teams does not necessarily lead to improvement in team performance, and providing more agents at a 
human’s command may degrade agent-human team performance. Agent-based simulation has also been used to 
develop a preliminary model to study the dynamics of increasing demand and decreasing capacity of available 
resources in disaster responses (Comfort et al., 2004). Simulations involved agents occupying single cells, 
within a two-dimensional space representing a geographical area with multiple jurisdictions, and moving around 
searching for randomly assigned damaged sites. Agents select their moves to identify damaged sites through 
near neighbours rather than a command and control mechanism being used to direct them. When agents locate a 
damaged site, they allocate their resource capacity to restore the site. Simulations involved a disaster area with 
the number of jurisdictions varying from 1 to 5. In each of these simulations, agents initially had 1000 units of 
resources that equated to 30% of the capacity required to meet the initial resource demand, which was assigned 
randomly to 40% of the disaster area. A co-ordination strategy involving the jurisdiction with the highest surplus 
of resources dispatching its agents to the location with the greatest need for services was shown not increase 
response efficiency, defined as the time taken to reduce the demand level for resources below 10% of the initial 
demand, when compared to a non-cooperation strategy. However, an important finding was that an increased 
number of jurisdictions operating as self-organising units, rather than a single centralised authority for the entire 
area, provided a more efficient disaster response. 

INTEGRATED FRAMEWORK 

Overview 

The ongoing research focuses on adaptive co-ordinated emergency response to rapidly evolving large-scale 
unprecedented events rather than adherence to plans made in advance of anticipated events. Thus, one aim of the 
research is to develop decision support for emergency response. Based on characteristics of the major event and 
the environment, this support makes use of a suite of adaptive search methods to construct in real time a co-
ordinated operational plan including a tailored response team and its units, and their detailed operations to 
enable multiple emergency organisations to synchronise their joint response. Given the potential rapidly 
evolving nature of major events, decision support operates continuously to ensure the timeliness and 
appropriateness of operational plans are maintained in order to optimise the emergency response. A second aim 
of the research is to develop an agent-based simulation in which a dynamically constructed response team can 
enact the corresponding emergency response as a major event unfolds. To maintain a timely and appropriate 
response, teams of 'emergency response' agents (representing personnel from ambulance services, fire brigades 
and  police forces) exhibit a level of autonomy and adaptability in that local adjustments can be made to their 
operations when necessary as the event develops. Such local adjustments only to those units of the team in 
which a sub-optimal response is identified are aimed at minimising disruption to the co-ordinated collective 
effort of the emergency response. However, if adjustments to the emergency response are required from a global 
perspective, i.e. to the overall response team and its units, decision support is provided. Given the two aims 
highlighted, research challenges posed include establishing how the ‘emergency response’ agents are organised 
into units, how they react and adapt to their dynamic environment in which potentially chaotic ‘public’ agents 
are situated, and how they adjust their operations in real-time such that resources with adequate capability are in 
the right place at the right time. Figure 1 presents an overview of the integrated 'decision support and agent-
based simulation' framework for emergency response to rapidly evolving large-scale unprecedented events. 
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Figure 1.  Overview of integrated framework 

Decision support system 

The decision support system includes a suite of adaptive search methods being developed with the capability to 
construct rapidly in real time a near-optimal plan with an associated response team consisting of units composed 
of individuals, from different emergency services, together with their equipment and vehicles. The meta-
heuristics used, such as a genetic algorithm and simulated annealing, coupled with efficient neighbourhood 
search techniques, promote a rapid adaptive search of the solution space and avoid unnecessary computation in 
obtaining a near-optimal response plan and composition of a response team and its units. At this stage of the 
research, near-optimality of plans is measured in terms of minimising fatalities. The decision support establishes 
a harmonised emergency response to a major event through the definition of roles and responsibilities, 
identification of tasks to be undertaken, the allocation of resources, and the assignment of tasks to resources. To 
achieve this, input for the adaptive search methods includes detailed information about the environment such as 
the location, availability, and capabilities of resources (personnel, equipment, vehicles and hospitals) that can be 
utilised. In addition, up-to-date information of casualties and the tasks needing to be undertaken will be reported 
to the decision support system via 'emergency response' agents in attendance at the scene of the event. 
Importantly, the evolving nature of a major event in terms of the speed of development and spatial extension 
may cause the current response team to become sub-optimal and thus the overall co-ordinated emergency 
response being degraded. In recognition of this, the co-ordinated emergency response will be assessed 
continuously from a global perspective such that sub-optimality can be identified and speedy adjustments to the 
response can be made to maintain effective operations. To facilitate fast decision making due to unfolding 
developments, the adaptive search methods will seize opportunities to reduce the complexity of the decision 
problem by identifying existing effective units within the current response team and associated emergency 
response, and thus only considering those units no longer delivering a timely and appropriate response. 

Agent-based simulation 

Agent-based simulation provides an analogous approach to modelling individuals in an emergency response 
where information, expertise and resources are distributed. The agent-based simulation under development is 
being designed to allow rapidly unfolding major events to be simulated and real geographical areas to be 
modelled, in which agents enact co-ordinated emergency responses developed by the decision support system. 
Based on a GIS data source, the geographical area associated with the location of an event or events, including 
buildings and roads, is modelled as a virtual environment. In addition, the environment includes fire stations, 
hospitals and police stations. Further, the virtual environment is decomposed into multiple sub-areas using 
distributed memory parallelism. In this environment, simulators are used to simulate event attributes such as 
fires spreading, and agents model individuals from the emergency services and members of the public. 
Intelligent agents representing emergency service personnel exhibit capabilities and follow standard operating 
procedures where possible depending on the service to which they are affiliated. The decision making capability 
of 'emergency response' agents enables them to autonomously revise and adjust their operational tasks and how 
to go about them given the evolving nature of the event, since in some situations it may not be possible to 
adhere to the original operational plan. However, in cases where significant revision and adjustment to the 
current operational plan is required, the decision support system will be used.  
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CONCLUSION AND FUTURE WORK 

The ongoing research is aimed at contributing to knowledge of co-ordination, decision support and agent-based 
simulation to improve and expedite the joint operations of multiple emergency agencies to rapidly evolving 
large-scale unprecedented events such that loss of life, injury to people and damage to property can be reduced. 
Research in the first year of this project has produced a preliminary decision support capability and agent-based 
simulation environment, which have been outlined briefly in this paper. In the coming months, work will focus 
on the further development of these two strands of research and their integration within a single framework. 
Future work will also focus on simulations being performed using scenarios of increasing complexity, which 
will be informed by practitioners from emergency organisations. First, simulations will be performed of static 
past major events. These will be compared with the actual emergency responses leading to improvements being 
made to the decision support system's adaptive search methods and the agent-based simulation environment. 
The second stage will involve dynamic past major events to enable an assessment of the flexibility and 
appropriateness of the response teams constructed in real time and the effectiveness of the emergency agents’ 
operations in an evolving situation. The third stage of simulation will focus on scenarios involving rapidly 
evolving large-scale unprecedented events to allow a comprehensive evaluation of all aspects of the research 
including the dynamic re-configuration of a response team’s units during the unfolding event. Use will be made 
of high performance computing to model rapidly unfolding major events and the simultaneous collaborative 
interactions between agents representing emergency services’ personnel and members of the public. 

ACKNOWLEDGMENTS 

The authors gratefully acknowledge the funding provided by the UK’s EPSRC (EP/G057516/1). Further, the 
authors thank practitioners from the Emergency Planning Units from Cleveland and Tyne & Wear, Co. Durham 
& Darlington Civil Contingencies Unit, Government Office for the North East, Fire and Rescue Services from 
Co. Durham & Darlington and Tyne & Wear, North East Ambulance Service, and Northumbria Police.  

REFERENCES 

1. Bellamine-Ben Saoud, N., Ben Mena, T., Dugdale, J., Pavard, B. and Ben Ahmed, M. (2006) Assessing 
large scale emergency rescue plans: an agent based approach, Int Jrnl Intell Cntrl and Sys, 11(4), 260-271. 

2. Chen, R., Sharman, R., Rao, H.R. and Upadhyaya, S.J. (2008) Coordination in emergency response 
management, Communications of the ACM, 51(5), 66-73. 

3. Comfort, L.K., Ko, K. and Zagorecki, A. (2004) Coordination in rapidly evolving disaster response 
systems. American Behavioral Scientist, 48(3), 295-313. 

4. Dugdale, J., Darcy, S. and Pavard, B. (2006) Engineering effective cooperation and communication: a 
bottom-up approach, International Journal of Emergency Management, 3(1), 58-65. 

5. Faraj, S. and Xiao, Y. (2006) Coordination in Fast-Response Organizations, Man Sci, 52(8), 1155-1169.  

6. Fiedrich, F. and Burghardt, F. (2007) Agent-based systems for disaster management, Communications of 
the ACM, 50(3), 41-42. 

7. Marecki, J., Schurr, N. and Tambe, M. (2005) Agent-Based Simulations for Disaster Rescue Using the 
DEFACTO Coordination System, In Emergent Information Technologies and Enabling Policies for 
Counter-Terrorism (Eds. Popp, R.L. and Yen, J.), Wiley-IEEE Press, pp. 281-297. 

8. McGrath, D. and McGrath, S. (2005) Simulation and Network-Centric Emergency Response, Proceedings 
of the 2005 Interservice/Industry Training, Simulation, and Education Conference, Orlando, FL, USA. 

9. Mendonça, D. (2007) Decision Support for Improvisation in Response to Extreme Events. Decision Support 
Systems, 43(3), 952-967. 

10. Militello, L.G., Quill, L., Patterson, E.S., Wears, R. and Ritter, J.A. (2007) Large-Scale Coordination in 
Emergency Response. Cognitive Engineering and Decision Making, 5, 534-538. 

11. Pfaff, M.S., Drury, J. L., Klein, G.L., More, L., Moon, S.P. and Liu, Y. (2010) Weighing Decisions: Aiding 
Emergency Response Decision Making via Option Awareness. In Proceedings of the 2010 IEEE 
International Conference on Technologies for Homeland Security, Waltham, MA, USA, November 2010. 

12. UK Home Office Report (2006) Addressing Lessons from the Emergency Response to the 7 July 2005 
London Bombings. 

13. Van de Walle, B. and Turoff, M. (2008) Decision support for emergency situations, Information Systems e-
Business Management, 6:295-316. 


	ABSTRACT
	Keywords

	INTRODUCTION
	RELATED WORK
	Co-ordination and decision support in emergency response
	Agent-based simulations of emergency response

	INTEGRATED FRAMEWORK
	Overview
	Decision support system
	Agent-based simulation

	CONCLUSION AND FUTURE WORK
	ACKNOWLEDGMENTS
	REFERENCES

