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Abstract 

Despite the vast amount of information available concerning natural and man-made 
accidents, rescue forces are generally not able to use the existing information efficiently in 
their decision making. The purpose of the UHHA project was to create a framework for an 
emergency management system that collects practical data from an emergency situation, 
merges the data in order to get a better overall view of the situation, and sends the analysed 
information to the rescue services and other decision makers, and other actors and 
stakeholders. The results show that it is possible to provide real-time information for 
emergencies' management by combining chemical measurements with dispersion and 
population modelling. This paper describes the principles of behind the UHHA concept. 
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1     Common operational picture (COP) and situational awareness 

The term common operational picture (COP) is associated with gaining "an overview of an incident 
by all relevant parties that provides incident information enabling the Incident Commander and any 
supporting agencies and organisations to make effective, consistent, and timely decisions"[1]. It has 
its origin in military operations and usually includes technical solutions to share information among 
various levels of a response. The COP can be generally seen to be an interactive map displaying 
information [2] and rarely mirrors the common operating understanding of the situation. In addition 
to one COP there is a need for different operating views for different levels of operation [3]. Harrald 
and Jefferson [4] argue that the adaption of the military COP into the civil crisis management could 
be difficult because of  in transferring military command and control concepts to civil organisations.  
 
Today crisis management and crisis responses engage several organisations, all of which have their 
own operating cultures and procedures. In emergency situations it is necessary to utilise all these 
different organisations and their available resources as well as possible. Information technology 
creates new possibilities to enhance the command and control systems, but this technology will not 
automatically lead to efficient inter-organisational crisis management. Harrald [5] reminds that 
during emergencies the leadership should operate in an open organisational environment where 
organisations and individuals enter and leave the system in unforeseeable ways. Even under these 
circumstances the technology must support effective decision making. 
 
Also in Finland the question as to how to manage the severe emergencies more effectively has been 
repeatedly raised. Several projects have been carried out in order to analyse the information flow 
during emergencies [6,7,8] or to build up COP systems for various needs; as the field management 
system for rescue services, the field managing system of police and the civil crisis managing 
system. However, not one of these progressive systems has taken into discussion the usability of the 
data received. 



 
To support interoperability between different organisations and/or their technical systems VTT 
initiated the UHHA project (UHkatilanteen HAllinta, i.e. "Managing the emergencies") in co-
operation with the Finnish Meteorological Institute (FMI). The UHHA project will create a 
framework for an emergency management system that collects relevant practical data from an 
emergency situation via different channels, merges and analyses the data for better situational 
awareness, and sends the analysed overview to the rescue services and other decision makers, actors 
and stakeholders. This project demands not only the fluent information flow, but also accurate 
information for appropriate needs.  

2     Methods 

2.1     The framework of UHHA 

The UHHA framework was developed in co-operation with all the project partners over a series of 
four brainstorming sessions held during 2008 and 2009. The workshops were arranged at FMI, VTT 
(2), and at the Kuusankoski pilot case. Each workshop consisted of around 30 participants; 
representing research centres, rescue services, ministries and other governmental organisations, 
humanitarian organisations, industry, equipment engineering and telecommunication companies.  

2.2     Analyses for situation awareness  

In UHHA we produced three different analyses for better situational awareness of chemical spill 
accidents. 
 
The first involved a prognostic vulnerability analysis of the chemical industry for the chemical 
authorities. The method helps authorities prioritise the most significant chemical targets where 
chemical spills may result in the most severe consequences to the citizens or environment. VTT was 
responsible for the development of this method, which was based on an environmental risk analysis 
developed by VTT in 2005 [9]. The method was evolved through various brainstorming sessions 
with Tukes and the Finnish Chemical Authority, and the first draft was sent for critical commenting 
by chemical experts at the rescue services, the Emergency Services College, and at the Finnish 
Institute of Occupational Health. The method is documented in Finnish in VTT report 2009 [10]. 
 
The second analysis, a chemical dispersion model developed by Finnish Meteorological Institute, 
uses on-line accident data to estimate how the chemicals disperse in the atmosphere. The third 
analysis, the spatiotemporal population model developed by Helsinki University of technology 
estimates the probable location of citizens during the accident scenario. The final outcome from 
these two analyses is a visualisation of, for instance, the chemical plume showing its location and 
progress, with information on how long people can survive in the plume (i.e. the operation time 
schedule) and where these people presumably are. 

2.3     Pilot case in Kuusankoski 

In UHHA, the information flow was tested during a simulated emergency, where the experts then 
analysed the data for rescue services use. A wireless sensor network was set up at a chemical site in 
Kuusankoski. The UHHA server then receives the data from the site, before transferring it all to 
FMI and HUT. The obstacles preventing the flow of information from the emergency to the 
decision makers in the rescue forces were recognised and analysed. 
 
The pilot test defined how the information would flow from the chemical accident site to the rescue 
authorities and decision makers in the best possible way (Figure 2.3.a). The system monitors a 



chemical factory area, collects and stores the measured data, calculates the dispersion of the 
chemical plume according to weather forecasts, estimates how many people are in the vicinity of 
the accident (buildings and traffic flows), and visualises the information in a web-based GIS 
system.  
 

 
 

Figure2.3.a The information flow within UHHA. 
 
 
The sensor network system comprises fourteen wireless sensor network modules. Included is 
chlorine sensor and wireless sensor network electronics with temperature sensors, powered by 
batteries (Figure 2.3.b). These modules have ultra low power components, allowing them to remain 
operational for at least one year. The wireless network is arranged according to a mesh topology, 
whereby all nodes can act as sensors as well as data routers. The measured data is gathered through 
the coordinator node to a laptop computer, which transfers the data to a remote database via a 3G 
data connection. 
 

 
 

Figure 2.3.b. Wireless gas sensor network. 
 



3     Results 

The final UHHA framework is presented in Figure 3. The main objective of the UHHA project was 
first to develop and then test the new concept. UHHA merges all the received raw data into 
developed analysis, and the relevant analysed data is then conveyed to the appropriate emergency 
response actors and stakeholders. A WMS interface for requesting the metadata and multilayer map 
images was incorporated into the pilot system. 

 

Figure 3  The UHHA framework. 

4     Discussion and conclusions 

The results show that it is possible to provide real-time information for crisis management by 
combining chemical measurements with dispersion and population modelling. It was shown that the 
rescue services and authorities do not require new user interfaces or end-user systems to present the 
new information. Rather, new data sources and analysed information would need to be integrated 
into the existing emergency management systems. A WMS interface was therefore incorporated 
into the UHHA pilot system, so as to facilitate the integration of the UHHA information into the 
existing systems at later stages. 
 
Several challenges arose during the UHHA project. Initially, it was queried as to whether it would 
be possible to; on the one hand, arrange the definition, seeking out, and combination of 
continuously increasing amounts of information, and on the other to present all the most relevant 
information to the users of future COP systems. Attention must be paid to the use of shared 
vocabularies and ontology based knowledge representation in the demanding definition of complex 
information. 
 
The authorities must also ensure that there are no technical or political limitations which will 
prevent the real-time information flow from accident sites to decision makers' monitors. 
 
To create a business model for the UHHA COP concept proved to be challenging. The core 
difficulties are faced when defining the owners of the system and the owners of the analysed 



knowledge, and ultimately the question comes down to who will pay for the system. The business 
prospects of the UHHA concept are found to be related to the equipment and maintenance sales, 
and in the sale of information. 
 
Ensuring that the alarm systems and data lines function during emergencies is essential. The need 
for secure systems, like TETRA net, or dimensioning the private communication systems for 
purpose of emergencies, should also be studied in upcoming projects. 
 
Overall, the decision making procedure could improved, and discussions ranged from the use of 
multichannel communications from the incident site and between the organisations, to also 
including video data, and many aspects should be studied further. 
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