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Summary: This paper outlines recent research completed in partnership between Liverpool 
John Moores University and Merseyside Fire and Rescue Service. The aim of the research 
was to investigate ways to implement a statistical methodology into the corporate GIS system 
that could be used to enhance the identification of areas most at risk from accidental dwelling 
fire. Further to this, the toolkit developed was expanded to include a second strand of research 
that looked into ways of integrating a bespoke customer segmentation methodology 
developed using local geographic and demographic data to further support the identification 
of risks and needs. 
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1. Introduction  

 
This paper presents a partnership project between researchers at Liverpool John Moores 
University (LJMU) and staff at Merseyside Fire and Rescue Service (MFRS). The aim of the 
project was to develop a new statistical methodology that could be embedded into the 
corporate geographic information system (GIS) system used at MFRS for enhanced 
identification of areas that are at greatest risk of accidental dwelling fire.  
 
Systems and methodologies to enhance the identification of risk are playing an ever more 
important role in UK Fire and Rescue Services today. Recently published fire statistics show 
that UK fire and services attended at total of 36,000 accidental dwelling fires between April 
2010 and March 2011 and of these there were 213 fatalities (Communities and Local 
Government, 2011). Accidental dwelling fire fatalities account for two thirds of fire deaths in 
the UK (Communities and Local Government, 2011) . An accidental dwelling fire is defined 
by the Department for Communities and Local Government as a fire in the home where the 
cause was not known. (Communities and Local Government, 2007). The increased probability 
of suffering from an injury or becoming a fatality in the home prompted the introduction of 
the Home Fire Safety Check (HFSC). This scheme resulted in the reduction of accidental 
dwelling fires by approximately 50% since its introduction in 1999 (Safer Houses, 2008). In 
addition to this, the number of accidental dwelling fire related fatalities has decreased by 40 
percent since 1999 (Merseyside Fire and Rescue Service, 2011). Although there is a general 
downward trend, the year on year decrease in the number of fatalities associated with 
accidental dwelling fires is starting to plateau. This is echoed nationally (Cheshire Fire and 



Rescue Service, 2010) (Tyne and Wear Fire and Rescue Service, 2009), suggesting a need to 
enhance the risk identification process. Another crucial matter is that sixty percent of 
accidental dwelling fire fatalities between April 2010 and March 2011 occurred in areas 
typically defined having a lower risk of fire (Merseyside Fire and Rescue Service, 2011). This 
highlights a need to develop a system that will understand why accidental dwelling fires 
occur, in order to understand where accidental dwelling fires may occur in the future. 
 

2. Literature Review 

The current Government model available to UK fire and rescue services does not currently 
analyse lifestyle factors that can contribute to dwelling fires (Communities and Local 
Government, 2008)(Office of the Deputy Prime Minister, 2004). This model links fire to 
deprivation (Office of the Deputy Prime Minister, 2004), but this model does not take into 
account that there is an increasing proportion of accidental dwelling fires and fatalities 
occurring in areas that are classified as ‘low’ risk – i.e. low levels of deprivation. It is well 
documented that various different lifestyle factors such as smoking, binge drinking, living 
alone, to name a few, are associated to increased risk of accidental dwelling fire (Holburn, 
Nolan, & Golt, 2003)(Duncanson, Woodward, & Reid, 2002)(Leth, Gregersen, & Sabroe, 
1998). As these lifestyle factors are not limited to typically deprived areas (Annear et al 
2009), they can be useful to aid the identification of accidental dwelling fire risk, regardless 
of the levels of deprivation within the area. This became an interesting starting point for 
developing a GIS risk identification toolkit that looks at the causal factors and lifestyle 
indicators that could potentially lead to an accidental dwelling fire.  

 

3. Statistical Methodology for Accidental Dwelling Fire Risk Identification 
 
There were two steps involved in developing the statistical methodology. These were 
identification and collection of data to inform the model and running a statistical analysis to 
obtain risk scores for each geographic area. 
 

3.1 Data Collection 
 

The first stage of the research was to determine whether the data required to produce a 
statistical model could be obtained. It was also important to ascertain whether the data was 
available to the required geography, was timely and up-to-date. In total over 80 data variables 
were identified as being potential causal factors for accidental dwelling fire, however this was 
narrowed down to 11 variables based on what could be realistically and economically 
accessed (Table 1). Often there was no data available for many of the causal factors or the 
data was not collected frequently enough for a reliable analysis.  
 
 
 
 
 
 
 
 
 
 
 



Dataset Name 
Number of Smokers 

No Smoke Detector Fitted through a HFSC 
Incapacity Benefit Claimants 
Disability Living Allowance 

Binge Drinking 
Elderly Residents 

Indices of Multiple Deprivation 
Living Alone 

Mental Health Issues 
Lone Parents 

Number of Dwellings 

Table 1 - Data used for developing a statistical model for identifying areas at greatest risk of accidental dwelling 
fires 

 
The data sources identified in Table 1 were collected to Lower Super Output Area (LSOA), 
which is a Census geography consisting of approximately 1,500 residents (Office for National 
Statistics). Measures of social homogeneity to encourage areas of similar social background 
were included in the development of LSOAs (Office for National Statistics). 
 

3.2 Statistical Analysis 
 
After identifying data, the next step was to determine whether there was an association 
between the data, or causal factors, and the number of fires seen historically. A correlation 
analysis illustrated that there was an association, which allowed for a regression analysis to be 
completed giving a risk score for each LSOA. The correlation between the calculated risk 
score and number of fires was 0.71. In addition, the coefficient of determination showed that 
the variance explained by the model was 0.51. Both of these statistics illustrate that there is a 
strong relationship between the calculated risk score and number of historical fires with each 
LSOA.  
 

4. A Community Risk Mapping Tool for Merseyside 
 
The next stage of the research was to integrate the statistical analysis into the corporate GIS at 
MFRS to create a simple, user friendly tool that support staff could interrogate to identify 
potentially high risk and vulnerable areas.  
 
The Unified Modelling Language (UML) object-oriented design approach (Pooley & Stevens, 
1999)(Sommerville, 2010) was used to design a GIS that was able to perform a number of 
queries that were requested by MFRS (Figure 1). These included a number of spatial queries 
such as the number of properties within a high risk area that were due a HFSC revisit, or how 
many elderly residents lived within a given area. The outputs of the GIS were used to target 
specific interventions and initiatives to the local community and its residents. 



 
Figure 1 - The UML Class Diagram for the Risk Identification Toolkit 

 
The toolkit also provided the functionality to map risk. The risk scores were grouped into 3 
bands (high, medium and low risk), which were illustrated on a map of the Merseyside area 
(Figure 2). Additional functionality allowed users to create ‘hotspot’ maps of the risk and 
each of the causal factors, which showed the distribution of each variable across Merseyside 
and allowed the identification of areas where intervention may be required. The linking of the 
GIS toolkit with the reporting tool Crystal Reports (SAP Crystal Reports, 2011), allowed 
users to export addresses that have not been visited, or that may be due a revisit within high 
risk areas. This was given to operational crews who would target these properties as a 
priority.  
 



 
Figure 2 - Map produced by the risk identification toolkit showing areas of high risk (red), medium risk (yellow) 
and low risk (green) across Merseyside 



5. Customer Insight 
 
The initial research also identified a potential for further development of the toolkit to include 
community profiles and vulnerable person profiles. Many public sector organisations use 
national profiles for geodemographics, which is the study and grouping of people in a 
geographical area according to socioeconomic criteria (Adnan et al, 2010). Commonly used 
national profiles include Experian Mosaic (Experian, 2009) or CACI Acorn (CACI). The 
research identified that there was a need to focus on local demographics, risks and needs. This 
phase of the project involved creating another statistical methodology using the SPSS k-
means clustering tool (SPSS, 2010) and developing 10 bespoke profiles for Merseyside. The 
data analysed was available from local sources and indicated potential areas of need to be 
addressed within communities. Application of this methodology supported the ‘Localism’ bill 
(UK Parliament, 2011) that was introduced in November 2011 by UK Government.  
 
The profiles will be integrated into the existing risk identification GIS toolkit, and will allow 
users to further identify and understand risk and also allow for prioritisation of individuals 
based on their risks and needs. It also supports partnership working with other local authority 
organisations, which aims to join up public sector bodies to improve satisfaction and meet 
needs and risks.  
 

6. Conclusions 
 
In this paper, we present two phases of a partnership project between Liverpool John Moores 
University and Merseyside Fire and Rescue Service to develop a bespoke GIS for enhanced 
identification of accidental dwelling fire risk. The goal of this work was to link a statistical 
methodology for calculating risk with the corporate GIS system used at MFRS. The research 
proved useful and robust to the fire and rescue service and has resulted in a greater 
understanding of why an area is at risk. This allows MFRS to proactively target their 
resources to the community and to residents based on their risks and needs. The success of the 
first phase of this project resulted in further collaboration work between both organisations to 
develop community profiles. This phase of the project has allowed MFRS to work more 
closely with other public sector organisations to deliver services to the most vulnerable people 
within the community. 
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