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Abstract: Crisis and disaster management in the Netherlands has made huge leaps forward in recent years with regard 
to different organisations trying to manage one or more aspects of the safety chain. This research focuses on 
the information structure of health care during disasters with an aim to improve disaster management and 
tries to answer the following question: How can location based services improve information services 
within health care during disasters? Through the use of literature and interviews this thesis describes how 
disaster management can be improved through the use of Location Based Services (LBS). The scope of this 
research is aimed at better understanding the organisational processes during somatic health care. By 
defining a case and on the basis of literature and interviews in the Province of Utrecht, it was possible to 
develop a three layer graph model (3LGM). This model shows an overview of information processes 
performed by the health care organisation during the first hour after an accident. In this context, the 3LGM 
model is used to obtain an overview of the quality of information processing in such a problem area. The 
organisational structure, which deals with disaster management, consists of a strong co-operation between 
the police, fire departments, the local government and the ‘Medical Aid during Accidents and Disasters’ 
(GHOR). The size of the organisation depends largely upon the scale of the disaster, however the current 
information structure is not suitable for storing and processing the information in an efficient and effective 
manner. The same applies when displaying information related to casualties and safety within an area. With 
the help of location based services consisting of, geographical information systems (GIS), global positioning 
systems (GPS) and second or third generation telecommunication technologies, the existing information 
structure can be optimised. Expected advantages are higher accessibility to health care, a safer environment 
for rescuers, more time for managing the healthcare processes and an improved interdisciplinary co-
operation between the police, fire departments, the local government and the GHOR.

INTRODUCTION 

Crisis and disaster management in the 
Netherlands has made major leaps forward in recent 
years. The most visible changes are the coordination 
and interaction between different organisations that 
have the mandate and responsibility of reacting to an 
emergency situation. Crisis and disaster 
management falls under the umbrella of risk 
management which at the moment is of top priority 
on the agenda of many politicians. From the 
scientific point of view paradigms are changing in 
order to find the correct holistic conceptualization of 
risk analysis (Macgill, 2004). Recently there has 

been wide interest in improving communication and 
information in order to prevent, prepare and repress 
emergencies in a better and more efficient way. 
However, the information processes in relation to 
organization processes are still not completely 
understood in this field, especially between different 
disciplines and operational structures. 

This paper focuses on the information structure 
of health care during disasters, and discusses the use 
of location based services to improve emergency 
operations through better information provision and 
processing. It focuses in particular on the first stages 
of emergency response, which is often mentioned as 
the ‘golden hour’. The research aims at 
understanding the organizational somatic health-care 
processes during the phase of disaster repression. 
The first goal of the research is to provide an 
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organised overview of the information processes and 
infrastructures used by emergency response teams 
and managers. The second goal is the development 
of an information infrastructure which supports the 
primary health care process more efficiently with an 
aim to improve the quality of care during emergency 
operations. 

A standard procedure for assessing information 
processes in health care has been used based on the 
Unified Modelling Language (UML; Stevens, 2000). 
The 3 Layer Graph Model (3LGM; Buchauer, 1997) 
provides the reference framework to present an 
overview of information processing within hospitals. 
The present work extends the use of the 3LGM-
model to the field of emergency medicine outside 
the hospital. From interviews and literature research 
it emerged that that the use of spatial information 
could play a vital role in improving the quality of 
care during emergency operations. Given the nature 
of the operations, mainly field operations, there is a 
well funded expectation that location-based services 
– services that tailor information access and 
provvision based on the real time location of a user 
or resource -  could improve the quality of care 
significantly in emergency situations. 

The paper is divided into three sections. The first 
describes the background and the research 
framework. The second section describes the results 
of the analysis and the third discussion the research 
conclusions and provides recommendations for 
future research. 

BACKGROUND 

In the last years the research community has 
witnessed an increased effort to pinpoint the correct 
holistic conceptualization of risk analysis. Besides 
the traditional risk analysis/management literature, 
concepts and toolboxes, other terms have emerged 
including: incident, calamity, disaster, emergency 
and severe accident (Nationaal Handboek 
Crisisbesluitvorming. 2003). These terms attempt to 
better contextualise the operational situation to 
properly identify the methodologies for analysis and 
the tools for operations, as well as the most suitable 
concepts and methods.  

In the context of this research we use the term 
“disaster management”. In relation to decision 
making, disaster management has the following 
characteristics: 

- decisions are taken within a network of 
many actors, that must coordinate their 
activities; 

- decisions are taken under severe time 
pressure; 

- uncertainty creates the need for ad hoc 
decision making often made based on 
experience and intuition rather than 
information; 

- external pressure, such as that of media, 
affects decision makers and decision 
making; 

- quality assessment of the decision making 
process is done afterwards. 

This research focuses on the decision making 
process during the repression phase of the safety 
chain. The safety chain describes the elements which 
are important for managing risks, starting from pro-
action, prevention and preparation which cover the 
actions taken before an emergency actually takes 
place. After repression – the focus of this paper - the 
last element of the chain is the after care, that covers 
all the actions taken place in order to return to the 
daily non-crisis situation as fast as possible 
(Lettinga, 2003).  

RESEARCH METHODOLOGY 

Literature analysis and interviews with 
responsibles of emergency organisations were used 
to achieve a detailed understanding of organisational 
processes during emergencies. The results included 
an overview of the organisation structures involved 
in repression, the processes and the information 
systems used during an emergency operation. 

A reference scenario has been used to provide 
interviewers with a credible and realistic reference 
for assessing information processes. The scenario, a 
large car accident, was a typical case in which the 
emergency operations scale up to certain size and 
require the use of information coordination 
infrastructures in support of the coordinated effort. 
The input from respondents in addition to 
information recorded during actual incidents (mainly 
available though voice recordings) were used to 
develop a three layer graph model (3LGM). This 
model distinguishes between:  
- a support layer of the enterprise functions 
(functional layer);  
- the information architecture (logical layer) 
performed by the health care organisation during the 
first hour after an accident; and; 
-  the information processing tools (physical layer), 
that support the information architecture.  

The information flow between different elements 
was defined for each layer. The so called alpha and 
beta configuration was modelled between the three 
different layers. 

The 3LGM provides an overview of the structure 
and quality of information processing during disaster 
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response operations. The model was also as a basis 
to identify the critical issues in information 
management during a disaster and to produce 
suggestions for improvements. An information 
architecture, which supports the enterprise functions 
more effectively, was also designed. This was the 
basis for developing a prototype of information 
system based on these premises. 

Location Based Services 

Location based services provide location-specific 
information to users and assist them in case of need 
by exploiting the ability to locate in real time users 
and resource and combine this information on spatial 
information about their surrounding. These services 
are based on wireless technology and are be 
deployed for mobile handsets, such as mobile 
phones and PDA’s.  

All mobile applications are based on the ability to 
provide remote access to data sources from mobile 
devices (mobile Internet). What distinguishes 
Location-based Services (LBS) from a pure 
extensibility service (such as email access from a 
handset) is how critical location information is to the 
added value to the user. Services that add value by 
using the location component are called location-
based services.  

LBS are based on the position of the user in 
space, which is provided by a telecom operator, by a 
GPS enabled handset, or a combination of both. 
Location based services include emergency services, 
car and personal navigation, point-of-interest search, 
track and trace, field service management, location-
based entertainment, and many others. 

Location Services may be considered as a family 
of services that depend on knowledge of the 
geographic location of mobile stations. Location 
information may be requested by applications, which 
may be referred to as "clients". Applications may 
reside external to the network, within a network, or 
may reside in a mobile handset (Wohlert, 2000).  

The GPS (Global Position Satellite) system is the 
most widely available location determination 
technology (LDT) at present. A new range of LDT’s 
are now being introduced that exploit the network of 
radio stations of the operators’ infrastructure to 
locate a handset with increasing accuracy. Most 
network based LDT’s are enhancements of the 
existing location capabilities of wireless networks. 
In fact, any wireless communication is based on the 
ability to locate and track the position of mobile 
phones so that communication can be established 
between handsets that change position. At present 
LDT’s fall in two main classes: terminal based and 
network based (Beinat, 2001).  

Terminal based solutions include traditional GPS 
and E-OTD (Enhanced Observed Time Difference). 
While GPS relies on the signals of a network of 
satellites, E-OTD uses data received from the base 
stations in an operators’ network to estimate the 
position of the handset. E-OTD requires new 
handset capabilities and handset software. The 
position calculations can be done either in the 
handset or in the network. The accuracy is in the 
range of few meters up to 50 meters, and is far less 
dependent from the operational environment 
(indoor, urban canyons, sky obscuration) than GPS. 
The main drawback of terminal based solutions is 
that they require new handsets.  

Network based solutions include Cell-ID and 
enhanced Cell-ID (such as TOA – uplink Time Of 
Arrival). Cell ID uses the coverage area of a base 
station to locate the user. This information is already 
built in the network and works with existing 
terminals. Accuracy depends on the cell density, 
which can be low in rural areas.  

Cell-ID can achieve reasonable performance only 
in urban areas, with accuracy in the range of 100-
500 meters. In rural areas the accuracy can be as low 
as few kilometres. Enhanced Cell-ID, such as TOA, 
increases the Cell-ID accuracy by triangulating the 
position detected by at least three cells. TOA and E-
TOA work in a similar way, but the key difference is 
that TOA supports legacy terminals. On the other 
hand, TOA requires an upgrade of virtually every 
base station, which is a significant investment for 
operators. This will not be the case for UMTS 
networks, which will include accurate location 
capabilities as a standard in the network. Thanks to 
the higher density of base stations compared to GSM 
networks, UMTS will achieve accuracy levels in the 
range of (several) meters.  

In the short to medium term and before UMTS is 
deployed, Cell-ID and enhanced versions of it will 
be the main location determination technology 
available. Operators will make a slow transition 
between these technologies and more accurate 
versions, partly because of the investments 
necessary and partly because of the need to stabilize 
LDT technology and introduce interoperability 
standards and position roaming protocols. 

As far as disaster management is concerned, the 
requirements for high accuracy, interoperablity, 
network independence and availability are such that 
telecom based methods do not appear as suitable in 
the medium term. The need to locate resources and 
people within meters can only be currently achieved 
with GPS systems. These solutions are handset-
based and exploit the high accuracy positioning of a 
network of 24 satellites. The major disadvantage of 
GPS is that it does not operate indoors or in cases of 

47 



VAN DER TOGT et al / Proceedings of ISCRAM2004 (Eds. B. Carle and B. Van de Walle), 45 – 50  
 

poor sky visibility, such as under thick foliage, large 
bridges or in urban canyons.  

Organisation of disaster management 
in the Netherlands 

The organisational structure, which deals with 
disaster management in the repression phase, is 
based on a strong co-operation between the police, 
fire departments, the local government and the 
‘Medical Aid during Accidents and Disasters’ (in the 
Netherlands, there is a specific health organisation 
involved in disaster management, called “GHOR”). 
The size of the organisation deployed for managing 
a disaster depends largely upon the scale of the 
disaster itself. Van Dijke (2003) identifies 31 
processes, ragrding information flows, coordination 
of forces, and the like, that are relevant in these 
cases.  

What we are mainly concerned with here is the 
information process of the somatic health care 
managed by the GHOR in the case of a large 
incidents. Car incidents (traffic incidents in general) 
are particularly common and large ones are the focus 
of this paper. This is one of the three processes 
managed by the GHOR (Lettinga, 2003). Noticie 
that the Ducth public authorities have identifies this 
type of disaster as one of the priority list of eigtheen 
types of disasters, for which there are specific 
scenarios used for planning and intervention.  

Casualties from such an incident present 
themselves with mechanical, chemical or thermal 
injuries, or combinations of them. The ambulance 
arriving first at the scene has a specific task, that is 
the sketchinkg of the incident situation to facilitate 
the task of all the rescue resources that will arrive at 
the scene next. This includes assessing the 
environment according to the situation of the 
incident, number and severity of casualties, number 

of vehicles involved, risks for the rescue teams, 
resources and infrastructures needed. This specific 
task was analysed in this paper with the objective of 
determining the quality of information processing to 
perform and manage the actions described above.  

Information during a car accident 

For the assessment of the current information 
processing structure a top-down approach was used 
to fulfil the 3LGM model. In figure 1 one of the 
enterprise functions is modelled. On the basis of the 
whole model the quality assessment of the 
information processing was carried out. 

The model shows that the current information 
structure used by these organisations is not suitable 
for storing and processing the information in an 
efficient and effective manner during a disaster. This 
was a clear result from the model and also came 
clear from the interviews. This applies in particular 
to the elaboration, communication and visualisation 
of information related to the nature of the accident, 
its casualties, the safety of the areas for the rescue 
operations and in general to all the information items 
that may affect the speed, quality and 
appropriateness of response in the immediate time 
after an accident. Rescuers, in particular first-on-
location teams, are unable to provide systematic and 
specific information on number of victims, their 
location on the site, the gravity of their injuries, the 
priority of their rescue etc. This information is 
crucial to minimise the intervention time on the 
accident location and maximise the chance of saving 
injured people. The lack of this information, or poor 
quality of it, makes the flow of emergency teams on 
site inefficient, and sometimes not well coordinated. 
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Figure 2: Screenshots of the developed prototype called GeoMedic 

Location based emergency medicine 

Location information, together with the ability to 
share simple yet complete information on the site 
across teams, appeared to be main pieces of 
information missing. With location information we 
indicate the position of objects involved in the 
accident (e.g. the cars in a car crash), the position of 
victims on the site, the access roads for rescue 
teams, obstacles to accessibility etc. This 
information is crucial to coordinate the rescue 
activities, direct ambulances on the correct location, 
distribute the resources on site effectively, and 
define intervention priorities. 

To test the added value of these pieces of 
information and and test their relevance with 
emergency users a A prototype system was 
developed. The application, called GeoMedic, 
makes available on a mobile handset a basic 
interface to locate objects and rate the severity of 
injuries. This so called triage (Sundnes, 2003) is 
very important in defining the need for the amount 
of medical resources. The application allows the 
construction of an intuitive, location based, 
overview of the accident area, immediately available 
from a central server to any rescue member.  

The system requires geographical information 
systems (GIS; Longley, 2001) capabilities, global 
positioning systems (GPS; Yasuda, 2003) for 
location purposes, and wireless data communication 
(Harkey, 2003) on the handset. In order to manage 
location data a database infrasctructure that allows 
storing spatial data in a standardised form (Oracle 
Spatial) was used. The first qualitative feedbacks 
from the users indicates that rescuers are able to 
collect and access information on the site, collect 
information about the exact location of objects and 
casualties, and exchange this information to crisis 
managers not present on the site.  

DISCUSSION  

In the course of this analysis, we have 
highligthed that the information processing during 
an emergency operation performed by the GHOR 
misses the component location. Therefore the need 
for the development of an information system which 
supports location based services during emergency 
operations is highly recommended. This is especially 
demonstrated during the golden hour where the first 
main goal is to understand the extent, dimension, 
number of people involved and rescue needs. 
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It is to be expected that the correctness and speed 
of decision making will be increased significantly 
with implementations of similar systems. More in 
general, expected benefits include higher 
accessibility to health care, a safer environment for 
rescuers, more time for managing the health care 
processes and an improved interdisciplinary co-
operation between the police, fire departments, local 
government and de health sector. Finally this will 
reduce the time to high quality of care during 
emergency operations. This of course in perspective 
to the primary care process, beginning at the 
emergency scene with triage and finishing in the 
hospital after intensive care. 

The study also underlined that 
location services are needed also for 
indoor location, and not only outdoor. 
Indoor location services allow the location, tracking 
and tracing of people and resources within buildings.   

Such research can establish an information 
structure which supports the complete primary 
health care process during emergency operations. 
Complete support of this process will give the 
opportunity to manage resources better. Future 
research could then increase the quality of care and 
reduce the time to care even more. 

Another important issue in relation to emergency 
medicine is the assessment of the information 
systems used during emergency operations. 
Although the research was not aimed at the 
assessment of the quality of the patient record used 
during these circumstances, it became clear that 
some systems used for this purpose were not suitable 
for supporting the primary process during 
emergency operations.  

Future research should also focus on the 
preparedness of the current information systems for 
emergency operations. This research should have the 
ambition to incorporate the attribute location into 
these systems, in order to supply information about 
the status, the time and the location of objects and 
persons. 

Conclusions 

The study of how to assess the quality of 
information processing in relation to risks has 
received a growing attention lately. To examine 
these issues, a research was conducted that focused 
on the organisation of risk management, the quality 
of information processing, and the application of 
location based services in this area. The research 
generated a number of findings and conclusions that 
will be useful for improving our understanding of 

information processing during emergency 
operations, with a special interest in emergency 
medicine. Further, the research also offers us 
valuable insights into the use of a model to assess 
the quality of information processing in risk 
management and to use the model for introducing an 
improved information structure. As such, the 
findings from this study represent a valuable 
contribution to the ongoing research on risks, 
emergency medicine and the application of location 
based services. 
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