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ABSTRACT: One of the key needs highlighted from Cyclone Larry was a requirement to 
manage resource requests, returns, approvals, notifications, and statuses during the response and 
recovery phases of the incident. The response and recovery activities lacked an information 
system to handle these types of functions. Developing and analysing the requirements and 
information model for such an information system is ongoing at both the research and 
standardisation levels within the OASIS consortium.  One of the goals of these efforts is to 
produce a common format to support cross-organisational exchange of resource-related 
messages.  The orchestration of these messages will enable better tracking of resources and 
improved decision making, leading to more efficient allocation of scarce resources during major 
incidents. This paper reports on the work in this area and presents some early findings on models 
for resource messaging for the emergency sector. 
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1 Introduction 
 
The effective management of resources, including personnel and material assets, is crucial during 
the response and recovery phases following an emergency.  This problem is especially 
challenging for unexpected events like natural disasters with unknown impact scope.  For 
example, the response to Cyclone Larry in North Queensland in March 2006 had to address the 
fact that the electricity supply was disrupted for days (or more), townships were isolated due to 
flooding, and large numbers of buildings were damaged.  The response required (among other 
things) food drops to be made to isolated areas, electricity generators to be brought in, and large 
numbers of tradespeople to be found from around the country to repair damaged buildings and 
infrastructure. 
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Locating, acquiring, coordinating and finally demobilising the needed resources required 
enormous effort as well as effective communication, both within and between organisations.  The 
technology used to support these tasks in the response to Cyclone Larry was for the most part 
rudimentary, meaning that much of the knowledge about which resources had been requested or 
acquired, and from where, was captured only in peoples’ heads, or by basic software such as 
spreadsheet applications.  It is clearly possible with current technology to do significantly better.  
However, the requirement for cross-organisational management of resources makes 
interoperability (between both existing software/hardware and organisational processes) a key 
challenge.  This requires the adoption of standard message formats for exchanging resource 
requests, returns, approvals, notifications, and statuses.  This paper reviews the work that has 
been carried out to date in this area, particularly focusing on the current efforts of the OASIS 
consortium to produce a standard for resource messaging for the emergency sector. 
 
The remainder of the paper is structured as follows.  Section 2 discusses the requirements of the 
emergency sector in relation to standards for resource management and motivates the need for 
standardised structured formats for exchange of resource-related messages.  Section 3 presents a 
brief overview of recent and ongoing standardisation efforts related to resource/asset 
management, while Section 4 provides a more detailed discussion of the current activities of the 
OASIS Emergency Management Technical Committee in the area of resource messaging.  
Finally, Section 5 describes some open challenges and future work and Section 6 summarises the 
findings of this paper. 

2 Background and requirements 
 
Technology to facilitate resource management in the emergency sector should support existing 
processes for managing resources in emergencies, enabling greater efficiency and improved 
decision making without imposing fundamental changes on the way people currently work.  In 
Australia, the existing organisational processes are governed in part by the Australian Inter-
service Incident Management System (AIIMS) (Australasian Fire Authority Council, 2004).  
AIIMS sets out a management framework for incident response, which covers (at a high level) 
the resource management processes to be used by Australian organisations and agencies involved 
in incident response.  AIIMS also has a U.S. counterpart (on which AIIMS was originally based) 
– the U.S. National Incident Management System (NIMS) (U.S. Department of Homeland 
Security, 2004a).   
 
AIIMS and NIMS facilitate cross-organisational cooperation by describing common concepts and 
processes for incident response.  They describe similar management/control structures (called the 
Incident Command System in NIMS), which consist of elements such as sections and units with 
broadly described roles and responsibilities.  These management structures promote cooperation 
at a process level, as they introduce common organisational structures and vocabularies across 
different organisations within the emergency sector.  However, it is outside the scope of AIIMS 
and NIMS to promote cooperation or interoperability at the technology level.  Thus, technical 
standards are also required (Iannella, 2005).  These should build on the common concepts 
introduced by AIIMS and NIMS, and also be compatible with the variety of industry-specific 
policies, protocols and terminologies that are already in use.  To meet these needs, the standards 
must cover all of the common resource management tasks, such as resource acquisition, 
mobilisation, demobilisation, scheduling and tracking, while leaving the workflows and resource 
descriptions as open as possible.  
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The use of structured information formats (such as XML-based formats) to support management 
of resources has a number of advantages.  The standardisation of structured formats facilitates 
seamless exchange of resource-related information both within and between organisations.  
Structured formats are much more amenable to machine processing than traditional unstructured 
formats.  One advantage of this is in supporting automated routing of resource messages 
(requests, status messages, etc.) to the people and/or organisations to which they are relevant, 
without the necessity for always using explicit addressing.  This is useful when the sender of a 
resource request is unsure of who would best be able to satisfy the resource requirement.  
Structured formats also enable automated aggregation of information and transformation to a 
variety of presentation formats to support decision making.  Thus, they can be used to support the 
development of sophisticated software tools that lead to more efficient and timely allocation of 
scarce resources in emergency situations.  Additionally, structured information formats promote 
interoperability, which is important for integration of legacy software systems, as well as for 
supporting different computing platforms, such as mobile devices that can be used by emergency 
responders to request and track resources in the field.  The remainder of the paper discusses 
current and emerging standards for structured information exchange that are relevant to resource 
management in the emergency sector. 

3 Standards 
 
Two working groups concerned with information standards for the emergency sector are the 
IEEE Incident Management Working Group and the OASIS Emergency Management Technical 
Committee.  The activities of these groups are discussed in this section. 

3.1 IEEE 1512 standards 
 
The IEEE Incident Management Working Group is developing a family of standards – IEEE 
1512 – to facilitate the exchange of information about incidents (particularly traffic incidents) 
between agencies such as the police, fire departments, transport departments and towing 
companies.  The original agencies driving the standards were the U.S. Department of 
Transportation and the U.S. Federal Highway Administration.  The IEEE Incident Management 
Working Group was formed in 1997 and the group is still actively revising the family of 
standards, with updated versions due in late 2006. 
 
The standards define a set of common message formats for exchanging the following types of 
information: situation awareness, plans of action, asset management, warnings, and other 
information such as acknowledgements and system status.  The message formats are defined in 
ASN.1 notation, but can also be encoded in XML.  The specification of the XML syntax is 
incomplete in the current versions of the standards – however, this should be rectified in the 
updated standards due later this year.  The standards family consists of a base standard (IEEE 
1512-2000), which establishes a set of common foundations, plus four more specific companion 
standards (IEEE 1512.1-2003; IEEE 1512.2-2004; IEEE 1512.3-2002 & IEEE P1512.4).   
 
The two standards most closely related to resource management are IEEE 1512.1 (IEEE Std 
1512.1, 2003) and IEEE 1512.2 (IEEE Std 1512.2, 2004).  Among other things, IEEE 1512.1 
provides a set of message types related to asset management, while IEEE 1512.2 covers general 
requests for particular types of incident response.  IEEE 1512.2 also supports tracking, however 
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this is primarily intended for reporting the whereabouts of people and vehicles involved in 
accidents, rather than for tracking the resources of response agencies. 
 
IEEE 1512.1 provides the following message types related to asset management: 

– Ask for assets (AFA) – this message can be a poll (i.e., a request for availability 
information only) or a request for dispatch; 

– Respond to poll for assets (RPA); 
– Request asset status (RAS); and 
– Asset status (AST). 

Asset messages incorporate information such as the intended use of the asset (including the time 
and location of use), management information and logistics information.  The management 
information deals with who will manage the asset while it is committed to the asset requester, 
while the logistics information describes how the asset will be transported to where it is needed.  
An example AFA message is shown in Figure 1. 
 
IEEE 1512.2 introduces the following additional message types for requesting resources: 

– Request immediate emergency assistance (RIA); 
– Inform of need for law enforcement (INL); 
– Inform of need for emergency medical services (INM); 
– Inform of need for rescue (INR); 
– Inform of need for fire suppression (INF); and 
– Inform of need for other response (INO). 

These messages are simpler and more general than the asset requests supported by IEEE 1512.1, 
and can be used, for example, when the requester does not have the expertise to identify the 
specific assets required. 
 
The main shortcomings of IEEE 1512 are that its definition of assets is quite narrow, its support 
for asset/resource management in general is not comprehensive (as these functions represent only 
a small part of the scope of the standards), and the terminology is closely coupled to the 
requirements of the transportation industry. 

<RequestPhysicalAsset> 
<pollOnly> True </pollOnly>    <!-- This message is a poll; --> 

<!-- it does not ask for a "dispatch." --> 
<wantsManagement> False </wantsManagement> <!-- Management to stay with provider. --> 
<request> byKind </request>     <!-- Sets list to use. --> 

<text> traction management </text> 
</request> 
<intendedUse> ice build up, icy patches, traffic congestion </intendedUse> 

<!-- Allows requester to describe the problem, --> 
<!-- so that provider can suggest a solution. --> 

<whenStart></whenStart>     <!-- Blank indicates asset/service desired immediately. --> 
<whenEnd> 

<time> 130000 </time> 
</whenEnd> 
<miscText> Incident and surrounding 300 meters. </miscText> 

<!-- Location of incident known from Basics. --> 
</RequestPhysicalAsset> 

Figure 1.  Example AFA message, reproduced from the IEEE 1512.1 standard (IEEE Std 
1512.1, 2003) (Note this example, like others in the IEEE 1512 standards, is not well-formed 
XML; this should be corrected in the forthcoming revised standards) 
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3.2 OASIS standards 
 
A second family of standards for information exchange in the emergency sector is being 
developed by the OASIS Emergency Management Technical Committee (OASIS EM TC).  
While the IEEE 1512 standards activities have been driven by the transportation industry in the 
U.S., major players in the OASIS EM TC have been the U.S. Department of Homeland Security 
and industry members of the Emergency Interoperability Consortium.  Thus, the OASIS 
standards do not have the same bias towards a particular industry.  Although the EM TC is 
working on some industry-specific areas (such as a Hospital Availability Exchange language), 
most of the work is applicable to the entire emergency sector. 
 
Among other standards, the committee is developing the Emergency Data Exchange Language 
(EDXL), which has several sub-components.  The most mature of these is the EDXL Distribution 
Element (EDXL-DE) (OASIS, 2006a), which was approved on 1 May 2006 as an OASIS 
standard.  EDXL-DE captures information required to enable routing of XML payloads, in order 
to facilitate information exchange between the various organisations involved in emergency 
management and response.  This routing information includes elements such as the target area for 
a message (in order to support location-based message delivery), information about the sender, 
the target address for the message (if applicable), keywords describing the message content, the 
type and “actionability” of the message (actual, exercise, test, etc.), and so on.  The Distribution 
Element can be used as an envelope to support dissemination of other EDXL components, such 
as resource messages (specified using EDXL-RM) or hospital availability information (specified 
using HAVE). 
 
HAVE, the Hospital AVailability Exchange language (OASIS, 2006b), enables hospitals to 
exchange information about their bed availability, status, services and capacity.  HAVE can be 
used to support emergency logistics and resource-related decisions, but requesting specific 
hospital resources is outside its scope.  This is covered by EDXL-RM (OASIS, 2006c), which 
aims to provide a comprehensive set of message formats for resource management across all 
areas of the emergency sector.  Both HAVE and EDXL-RM remain under development at 
present.  When complete, EDXL-RM will provide the most comprehensive standardised 
messaging format for resource management to date.  It is discussed in more detail in the 
following section. 

4 EDXL Resource Messaging 
 
A draft format for EDXL Resource Messaging was submitted to the OASIS EM TC in September 
2005 and accepted in August 2005 as a work product for the committee.  As EDXL-RM remains 
incomplete, the material presented in this section is reflective of the latest working draft (dated 2 
August 2006), but is subject to change. 
 
EDXL provides a set of messages for: 

– Requesting resources and responding to resource requests; 
– Requisitioning and committing resources; 
– Requesting resource information and responding to requests for information; 
– Offering unsolicited resources; 
– Releasing resources; 
– Requesting the return of resources and responding to return requests; 
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– Requesting quotes and responding to requests for quotes; 
– Requesting and notifying resource dispositions; and 
– Requesting extended use of a resource and responding to extension requests. 

In all, EDXL-RM currently supports 18 distinct message types. 
 
EDXL-RM does not specify how resources must be identified or described.  Instead, it provides 
several alternative mechanisms for identifying resources (by identifier, name or an externally 
defined type structure).  This allows existing mechanisms for characterising resources, such as 
the NIMS resource typing system (U.S. Department of Homeland Security, 2004b), to be used. 
 
The current version of the EDXL-RM Document Object Model (DOM) is shown in  
Figure 2.  The DOM includes all of the elements that may be present in a message; however, each 
message type has its own rules about which elements may or may not appear depending on the 
message semantics.  A separate information model that shows the dependencies between the 
message elements and types is under development by the authors of this paper as part of the 
EDXL-RM standardisation activities. 
 
As shown in the EDXL-RM DOM, each resource message includes various kinds of general 
information, including a message identifier and the contact details of the sender.  Resource 
messages contain details of zero or more requested resources.  In addition to the resource 
identification elements mentioned above, a resource description may contain elements 
characterising requirements, credentials and certifications.  Other key resource-related 
information includes scheduling and tracking information.  The scheduling information captures 
the timing of important events, such as commit, arrival and departure times, including requested, 
anticipated, expected and/or actual timings for many of the events.  The tracking information 
describes where a resource was at particular points in time, and when it departed and/or arrived at 
that location. 
 

 
 

Figure 2.  Current EDXL-RM Document Object Model. 

 

5 Challenges and future work 
 
The information modelling behind the EDXL-RM specification remains a semantic challenge.  
The current DOM approach has shortcomings – it captures the document structure without 
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accurately reflecting the intended semantics, and does not differentiate the 18 specialised 
message types. This is a historical artefact that the OASIS EM TC has inherited.  
 
The information modelling problem is inherently complex, as the combination of elements that 
must/may be present is unique for each message type, and the number of possible elements is 
large.  However, there are some obvious ways that the model can be represented to enable clearer 
understanding of the intended semantics. These include turning the 18 EDXL-RM messages into 
first-class objects, more clearly decomposing resource information to separate status and 
assignment details from resource characteristics, and simplifying the modelling of schedule 
information so that separate elements are not required for every possible type of location or 
“dateTime” data. The authors have developed advanced models based on these requirements. 
However, most standards groups’ consensus is achieved by compromise, so a “hybrid” model 
was developed, and is shown in Figure 3. 
  

 
 

Figure 3.  Proposed Hybrid EDXL-RM Information Model. 

 
The hybrid model includes a simplified request/response structure, which is captured by the 
ResourceSummary and ResponseSummary classes. Also, the information dealing with temporal 
and spatial scheduling and tracking has been grouped together into one class 
(ScheduleInformation) with an enumerated role type. 
 
An example message – a resource request – corresponding to this hybrid model is shown in 
Figure 4 for illustrative purposes.  As EXDL-RM is still under development, the XML elements 
shown in this example are subject to change. 
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IEEE 1512 and EDXL-RM both focus on management of physical resources.  These resources 
can include human resources in the form of response teams, as in the example in Figure 4; 
however, tasking of personnel is outside the current scope.  This will be a necessity for future 
standardisation as the tasking and tracking of human activity will also require effective 
coordination. The current advanced modelling for EDXL-RM will be expanded to accommodate 
these new requirements. Ideally, the end result will be a model that can capture the semantics and 
structure for all resource management – including physical items and human tasking – that 
addresses the specialised requirements of the emergency response community. 
 

6 Conclusions 
 
When a major disaster occurs, such as a cyclone or terrorist attack, resources are needed to 
respond to critical (short-term) needs and recovery phases (long-term). In all cases, resources will 
come from various government agencies and industry groups under numerous formal and 

<ResourceMessage> 
    <MessageID>urn:au-qld-eoc:12332</MessageID> 
    <SentDateTime>2006-03-21T11:58:00+10:00</SentDateTime> 
    <MessageContentType>Request Resource</MessageContentType> 
    <ContactInformation> 
        <Role>Requester</Role> 
        <ContactName>Alex Jones</ContactName> 
    </ContactInformation> 
    <ResourceSummary id="001"> 
        <Resource> 
            <Keywords> 
                <Keyword> 
                    <ValueListURI>urn:x-hazard:vocab:resourceTypes</ValueListURI> 
                    <Value>Small Animal Sheltering Team</Value> 
                </Keyword> 
            </Keywords> 
            <Description>5-person response team to advise and support local efforts to set up a 
                small animal shelter</Description> 
        </Resource> 
        <AssignmentInformation> 
            <Quantity>1</Quantity> 
            <SpecialRequirements>A qualified vetinary surgeon is required as part of the response 
                team</SpecialRequirements> 
            <AssignmentInstructions> 
                <ReportingInstructions>Report to Mark Darcy, Manager, Innisfail Animal 
                Refuge</ReportingInstructions> 
            </AssignmentInstructions> 
        </AssignmentInformation> 
        <ScheduleInformation scheduleType="RequestedArrival"> 
            <DateTime>2006-03-24T09:00:00+10:00</DateTime> 
            <Location> 
                <Description>Innisfail Animal Refuge</Description> 
                <Address>27 Downing St Innisfail QLD 4860</Address> 
            </Location> 
        </ScheduleInformation> 
        <ScheduleInformation scheduleType="AnticipatedReturn"> 
            <DateTime>2006-03-30T17:00:00+10:00</DateTime> 
        </ScheduleInformation> 
    </ResourceSummary> 
</ResourceMessage> 
 

Figure 4.  Example "Request Resource" message. 
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informal agreements. Managing these resources requires requests, responses, offers, and statuses 
of resources to be exchanged between numerous people, groups, and organisations. A common 
pattern emerges from these interactions. The characteristics of the “information network” formed 
via the message exchanges have a powerful and critical impact on disaster response and recovery 
activities. 
 
Today, this information network relies primarily on human knowledge, processes and procedures 
to manage the resource messages. The challenge facing the emergency sector now is to move 
towards electronically managing resources, most probably with Emergency Operation Centres 
(EOCs) playing a key role. These EOCs will need to interoperate with numerous groups 
supplying the resources. Emerging standards, like EDXL-RM, are a step in the right direction and 
will be the basis for future more advanced technologies to aid in the response and recovery for 
major diasters. 
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