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Executive Summary 
Merseyside Fire and Rescue Service (MF&RS) on behalf of the Fire Research and Training Trust 
commissioned Process Evolution to evaluate the effectiveness of Home Fire Safety Checks (HFSC) in 
reducing the frequency and consequence of dwelling fires. 

MF&RS’s HFSC campaign began in 2000, since when it has undertaken 420,000 HFSCs, covering 42% of 
households. It is believed by MF&RS that the campaign has contributed to its high overall public satisfaction 
rating, evidenced by the high ratings obtained in its survey of HFSC public satisfaction. 

Since 2000, the number of dwelling fires and resultant casualties has fallen significantly in Merseyside. The 
purpose of our analysis was to understand whether this fall could be attributed to the HFSC campaign. The 
analysis comprised firstly a comparison of trends in dwelling fires and casualties in Merseyside with those 
experienced in other fire and rescue services. We then applied sophisticated statistical modelling techniques 
to MF&RS’s HFSC data in order to determine whether HFSCs are impacting on these trends. 

The main findings from the work are summarised below: 

Trends in numbers of dwelling fires and casualties 

• Since 1999 the number of accidental dwelling fires in Merseyside has fallen by 33%. This contrasts 
with the rest of England which has experienced a 20% fall whilst other Metropolitan counties have 
experienced an 18% fall.  

• In the two years prior to 1999, the level of such fires was broadly constant for all three of these 
geographies. 

• In the same period, total casualties in accidental dwelling fires have fallen by 60% compared to 20% 
in the rest of England and 14% in other Metropolitan counties. 

• The rate of casualty (casualties per dwelling fire) has fallen by 40% in Merseyside compared to no 
change in the rest of England and a 4% rise in other Metropolitan counties. 

• During the period since 2000, the total number of dwelling fires reported nationally has fallen each 
year. This is the longest sustained period of fall since 1950 (four consecutive years of fall occurred 
after 1973), with most years prior to 2000 experiencing an increase on the previous year. 

Impact of HFSCs on the number of dwelling fires in Merseyside 

• There is evidence that HFSCs impact on the likelihood of incidents occurring. HFSC activity in the 
previous 12 month period contributes to the accuracy of a statistical model which predicts the 
number of incidents likely to occur in an area in the next 12 months. 

Impact of HFSCs on the outcome of dwelling fires in Merseyside 

• HFSCs appear to have a significant effect on explaining the severity of outcome of an incident. In 
particular, HFSC activity contributes significantly to a model which explains which incidents are likely 
to be ‘confined within room of origin’. 

We conclude that the evidence presents a strong case that HFSC activity is having a positive impact on the 
likelihood and consequence of dwelling fires. Applying CLG cost of fire data to the reductions in accidental 
dwelling fires suggests a saving of £66.4 million through the avoidance of 2803 accidental dwelling fires 
between 1999 and 2006.  In 2006 alone there has been a reduction of 665 fires in comparison to the base of 
1999, a cost saving of £15.8 million. 

Further work is required however in order to refine the estimate of cost savings that can be attributed to 
HFSC activity and to enable the wider objective of targeting HFSC activity more effectively to be achieved. 
The data in Merseyside relating to the early years of HFSC activity in particular was incomplete and we 
therefore recommend that our approach is applied to other fire and rescue service data in order that a more 
complete and robust benefits assessment can be undertaken. 
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1. Introduction 
This document forms the final report on the Home Fire Safety Check (HFSC) Research Study that has been 
undertaken by Process Evolution on behalf of Merseyside Fire & Rescue Service (MF&RS).  

The report is intended for the “MFRS : Risk Map Methodology and HFSC Impact Project” Project Board 
members and other stakeholders involved with this project, though ultimately it is for approval by the Chief 
and Deputy Chief Fire Officers of the MF&RS.  

It is also intended for the Fire Research and Training Trust who represent both a key Research Stakeholder 
and the Sponsor funding this work.  

The approach documented in this paper is that based on a consultation with the MF&RS Project Board 
responsible for the MF&RS Risk Methodology Project and a ‘Directions’ meeting held with the Chief and 
Deputy Chief Fire Officers of MF&RS on the 7th December 2006. 

The report is structured as follows: 

• Section 2 recaps the objectives of the work 

• Section 3 describes the approach taken 

• Section 4 provides information on trends in reported dwelling fires 

• Section 5 provides background information on HFSC activity undertaken by MF&RS 

• Section 6 contains the findings from our investigation of cause and effect between HFSC activity and 
the likelihood of fires occurring 

• Section 7 contains the findings from our investigation of cause and effect between HFSC activity and 
the outcome of fires when they occur 

• Section 8 summarises the main findings and conclusions from the work 

• Section 9 contains a conclusion 
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2. Objectives 
This section summarises the objectives of the HFSC Research Study project detailed in the original project 
proposal.   

The original objective of this HFSC Research Study was to assess the impact of the MF&RS HFSC 
Campaign since inception, taking into account: 
- Loss of life. 
- Injury. 
- Financial costs of fire. 
- Frequency of fire occurrence. 
- Overall risk rating of a geographical area. 
 

Secondary objectives were to: 
- Identify the characteristics of households where HFRA’s are most beneficial. 
- Provide an overview of HFRA activity nationally. 
- Evaluate the methods by which MF&RS has implemented its HFRA campaign. 
 

These objectives were revised following a review of the data actually available for analysis and restructured 
into 2 key project Stages with the following broad objectives. 

 



 

3. Approach overview 
Process Evolution used Knowledge Discovery through Databases (KDD) techniques to underpin the 
research. KDD is a means through which data held on corporate systems can be translated into meaningful 
management information upon which decisions can be based. 

This section explains the KDD approach and discusses the data sources used in the project. 

3.1. Knowledge Discovery through Databases Road Map methodology 
The KDD Road Map methodology (developed by the University of East Anglia) provides a rigorous method 
through which to identify and verify statistical correlations in data. Figure 3.1 below shows the eight main 
steps in the process: 

  

Figure 3.1 

Each step in the cycle is described below together with a brief outline of activity undertaken in the context of 
this project: 

Problem Specification 

Identify and understand data sources. These were primarily MF&RS’s incident data base and its HFSC 
database.  

Resourcing 

Develop a detailed project plan in order to undertake the work and the resources required. In addition to 
Process Evolution’s consulting resource, this was primarily resource for the provision of data by MF&RS. 

Data Cleansing 

Ensuring the validity of data provided, dealing with missing data and outliers etc. This step included 
comparison with published statistics and a presentation of initial analysis back to providers to ensure it is 
consistent with expectation.  

Pre-processing 

Manipulate data into formats suitable for data mining and statistical analysis. This step uses techniques such 
as discretisation and feature selection.  

Data Mining 

Establish relationships / correlations within the data set using a range of data mining algorithms.  

Evaluation 
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Testing the robustness and statistical significance of the data relationships / correlations identified in the data 
mining step. 

Interpretation 

Feeding back the results from the project to key stakeholders and assessing the value of the relationships 
established. 

Exploitation 

It is likely that this information will be used within MF&RS to target specific and continued HFSC activity and 
the findings made public to fire and rescue services nationally. 

 

3.2. Data sources 

3.2.1. CLG Fire Data 
In order to understand whether trends in Merseyside were different to trends in other fire and rescue 
services, we analysed national fire statistics published on the Department for Communities and Local 
Government website. The data used pertains to accidental dwelling fires and resultant casualties in the 
period 1997 – 2006 for which complete calendar years were available. 

This data, which is subject to Crown Copyright, has been reproduced here in line with its permitted use for 
research purposes. 

3.2.2. MF&RS Data Sources (Overview) 
A range of potential data sources were considered that could have potentially supported this study. These 
sources were investigated and where possible incorporated into the modelling process. (A detailed list can 
be found in Appendix 1.) 

The key sources of data to support this study were the MF&RS HFSC Visits and Incident data supported by 
other external data sources. 

MF&RS incident data was readily available over the target 5 year analysis period, and provided insight into 
the years preceding HFSC activity. There were some issues with Incident Classification initially though much 
of this was rectified during the MF&RS Risk Mapping Methodology project.  

The HFSC Visits data proved difficult to obtain at a sufficiently granular level over the intended analysis 
period. There were three historical sources of which the latest – Goldmine – was the only acceptable one. 
Pre-Loop data was only partially available, and the Loop data was found to be incomplete in that only the 
latest visit per property was recorded resulting in critical history (previous visits) being overwritten. 

The OWLE system did provide summary information of HFSC visits by Station Ground and was useful in 
some of the formative analysis. 

Goldmine provided the best source of analytical information, however there were some limitations: 
- The historical information was available from April 2004 onwards, and though some history was 

available before this point in time it was unreliable and inconsistent. 
- Repeat visits were stored, however the data structure used was inappropriate for analysis and 

required considerable work to extract the information required for this study in an analytical format. 
All historical information was embedded in a single ‘free format memo’ field which required string 
matching algorithms to extract the data. 

In summary although there was information available to conduct the study it was not available at all levels of 
detail over the whole period of time that MF&RS had been undertaking HFSC visits. This prevented any 
detailed analysis looking at cause and effect by comparing the period of time before HFSC visits were 
conducted against the period of time whilst the HFSC visits were being conducted. 
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3.2.3. MF&RS Data Sources (Detailed Modelling Datasets) 
All of the available raw data was pre-processed into a form suitable for analysis using linear regression, 
logistic regression and CHAID / CART analysis techniques.  

The modelling methodology and methods of transforming the data for analysis purposes are covered in 
detail in Appendix 2.  

The range of data available was summarised by geographic areas, in particular Census Super Output Area 
(SOA), Census Output Areas (OA), Postcode (PC) and a range of concentric circular buffers around an 
Incident or HFSC Visit (10m, 2m and 1m buffers were used). 

The MF&RS data used covered Incidents from April 2000 to March 2008, and HFSC Visits from April 2004 to 
March 2008 (although summary information was available back to the start of 2000). 

The range of datasets therefore available for modelling purposes included: 

- Incident Target Variables      : SOA, OA, PC, 1m, 2m & 10m 

- Incident Variables       : SOA, OA, PC, 1m, 2m & 10m 

- Incident Casualties Variables     :  SOA, OA, PC, 1m, 2m & 10m 

- Incident Rescues Variables      : SOA, OA, PC, 1m, 2m & 10m 

- Incident Fatalities Variables      : SOA, OA, PC, 1m, 2m & 10m 

- HFSC Visit Variables       : SOA, OA, PC, 1m, 2m & 10m 

- IMD 2004 Score Variables (Index of Multiple Deprivation)  : SOA 

- IMD 2004 Rank Variables     : SOA 

- IMD 2007 Score Variables (Index of Multiple Deprivation)  : SOA 

- IMD 2007 Rank Variables     : SOA 

- Mosaic Group Variables      : SOA, OA & PC 

- Mosaic Group % Variables (Geographic Area Profile)  : SOA, OA & PC 

- Mosaic Type Variables       : SOA, OA & PC 

- Mosaic Type % Variables (Geographic Area Profile)  : SOA, OA & PC 

- Census Population Variables     : SOA, OA  

 



 

4. Analysis of national trends 
This section of the reports comments on trends in reported fires in Merseyside compared to national trends. 
We have primarily focussed on accidental dwelling fires where one may presume that HFSCs would be of 
most benefit. 

The charts in sections 4.1-4.3 are sourced from quarterly ‘Fire Statistics Monitors’ published by the 
Department for Communities and Local Government on its website.  

4.1. Trends in number of accidental dwelling fires 

The chart below shows the percentage change in annual reported accidental dwelling fires over the ten year 
period ending 2006. MF&RS’s HFSC campaign started in 2000; the chart therefore uses 1999 as a baseline 
year. 

Change in Accidental Dwelling Fires Since 1999
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The chart shows that since 1999, the number of such reported incidents falls by 33% in Merseyside 
compared to 20% nationally (excluding Merseyside) and 18% in other Metropolitan counties. It can also be 
seen that the trend was flat prior to 1999 with a 0% change in each case. 

Pl/MF&RS/HFSC/v1_0  Page 10 of 35 22nd October 2008 



 

4.2. Trends in casualties from accidental dwelling fires 

The chart below shows the percentage change in annual reported casualties from accidental dwelling fires 
over the ten year period ending 2006. 
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It can be seen that Merseyside experiences a 60% fall in the period since 1999 compared to 20% nationally 
and 14% in other Metropolitan counties. 

4.3. Trends in casualties per accidental dwelling fire 

The chart below shows the percentage change in the rate of reported casualties per accidental dwelling fire 
over the ten year period ending 2006. 

Change in Casualties per Accidental Dwelling Fire Since 1999
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Here Merseyside shows a 40% drop in the rate of casualties per accidental dwelling fire whilst nationally 
there has been no change and in other Metropolitan counties a 4% rise. 
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4.4. Long term dwelling fire trends 

The chart below shows the total number of reported dwelling fires in England in total in the period from 1954 
to 2006. Individual years’ statistics are shown with a square; the blue line shows the 5-year moving average 
(including the 2 previous, current and next 2 years). 
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The period since 1999 is the only period where the 5-year average is falling apart from the period from 1975 
to 1976. 
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5. HFSC activity in Merseyside 
This section provides a brief overview of the formative analysis into HFSC activity undertaken as part of this 
Study. It provides insight and context into why a more flexible approach had to be adopted in contrast to the 
original plan. 

5.1. HFSC activity in Merseyside 
MF&RS have actively promoted fire prevention and HFSC’s since the late 1990’s and have been recording 
HFSC visits since early 2000. The blue line in Figure 5.1.1 shows monthly HFSC activity since the beginning 
of 2000 based on the OWLE System Visit Summaries. 

 
Figure 5.1.1 

This historical HFSC activity data has been collected using a range of different systems since then and can 
be classified into three distinct periods: 

- Pre-LOOP. Formative HFSC data collection and coordination was managed at Station Ground level 
and collected using paper returns. 

- LOOP. HFSC data collection was outsourced and collated using the LOOP system with data being 
returned to MF&RS for Management Information purposes. 

- Goldmine. This is the current collection system and has been maintaining HFSC visit history since 
April 2004. 

A high level analysis was undertaken to determine whether any predictable relationships could be obtained 
from summary data and also to undertake a data quality audit. (This overview describes the situation at the 
time of analysis, and many of the issues identified have now been rectified.) 

A range of data sources were investigated included: 
- FSEC Coded Incident Data. (2000-2006). 
- OWLE HFSC Visits by Station by Month by Year (1999-2007). 
- HFSC Visits Data from Goldmine. 
- HFSC Visits Data from the LOOP system. 
- HFSC Visits Data from Station Ground records. 
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This analysis highlighted a number of systemic issues, some of which that could not be rectified: 
- A complete history of MF&RS HFSC activity is recorded on the OWLE System, but the lowest level 

of detail maintained is aggregated to Station Ground.  
- Although detailed HFSC visits records had been collected before April 2004 (pre-Loop and Loop) 

there was little information that had been transferred to Goldmine covering the period prior to April 
2004.  

- It proved impossible to recover detailed HFSC visits data for the pre-Goldmine period, although 
some Station Ground level databases were obtained and analysed.  

- Detailed HFSC visits have been recorded on Goldmine since April 2004. 

The following Figure 5.1.2 illustrates these issues as well as providing a summary of HFSC activity. with 
Goldmine HFSC visits (little history is recorded prior to April 2004). The maroon columns represent the total 
number of visits per year based on Goldmine HFSC visit statistics. 2004, 2005 & 2006 statistics incorporated 
repeat visits to a property, there was little evidence of LOOP history being incorporated or retained before 
that time. 

 

Very little pre-Goldmine 
(LOOP) history available 

Figure 5.1.2 

Figure 5.1.3 shows an increasing level of HFSC activity undertaken, rising from around 10,000 visits per 12 
months in April 2003 to around 60,000 visits per 12 months by March 2007.  
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Figure 5.1.3 
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5.2. HFSC’s activity by station ground 
In the pre-LOOP era it was the responsibility of each Station to maintain its own HFSC Visit records. Many 
stations maintained these records in paper form however one or two developed their own databases as a 
means of collating, analysing and reporting this information. 

In particular the databases from two stations - Southport (N7) and Speke & Garston (S2) – were made 
available for further detailed analysis and review.  

The purpose of this review was two-fold: 
- To determine whether this Station Level data could be used for in-depth analysis.  
- To compare and benchmark these databases against the centrally held OWLE HFSC Visit data held 

as Station Level summaries over the same period of time. 
 
 

 
Figure 5.2.1 

The findings were that: 

- In general, the Station data tracked the OWLE Summary data reasonably well, and the sum of the 
two sources (when adjusted to represent all visits and not just the first visit) reflected the centrally 
held figures very well. (Figure 5.2.1) 

- There was some divergence over time particularly 2004/05/06 which was largely due to the structure 
of the Southport database. When this was adjusted to deliver a record for each historical visit this 
tracked the OWLE visit Summaries very well. (Figure 5.2.2) 

- There was still some divergence during 2006 between the two sources, but further investigation 
revealed that Speke data collection stopped in 2006! (Figure 5.2.3)  Again the overall trends and 
insight were similar to the OWLE Summary data. 
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Figure 5.2.2 

 
Figure 5.2.3 

The conclusions from this analysis were that: 

- This data was maintained at a sufficiently detailed level over the ideal study period to undertake the 
necessary analysis. It would also have supported a detailed geographic analysis should that have 
been necessary. 

- However these two databases appeared to be only examples that had survived and had continued to 
be maintained into the Goldmine era. Ultimately, despite the potential, the two databases alone were 
insufficient to undertake the proposed analysis. 
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5.3. Comparison of annual activity with rate of accidental dwelling fires 
Due to the issues around HFSC visit pre-Goldmine the final analysis had to focus on data available from 
April 2004 onwards. The following chart (Figure 5.3.1) shows distinct downward trends in Total Incidents and 
Dwelling Fire incidents coinciding with a distinct upward trend in the level of HFSC activity.  

 
Figure 5.3.1 

This data was transformed in such a way that a range of Statistical techniques could be applied to analyse it, 
in particular Logistic and Linear Regression. (The modelling methodology and data transformation process is 
covered in detail in Appendix 2) 

Figure 5.3.2 summarises the basic approach in using this transformed data to describe the period before an 
observation (History Period) and to use it to predict what was likely to occur in the observation or Outcome 
Period. 
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Figure 5.3.2 
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Using this transformed data it was possible to show that a high level relationship existed between the levels 
of Dwelling Fire incidents observed and the level of HFSC activity undertaken during the History Period on 
the number of Dwelling Fire incidents experienced in the outcome period. 

The model obtained showed an improvement in modelling accuracy by including HFSC visits data. This 
model implied you can reduce levels of Dwelling Fire incidents over a 12 month period by 1 for every 136 
HFSC visits undertaken in the previous 12 month period. The model achieved a very good R-Square value 
of 0.97. 

 

5.4. MF&RS Customer satisfaction 
There is evidence that the HFSC programme is contributing to high levels of customer satisfaction 
with MF&RS. For example, in its own customer satisfaction survey carried out in 2006: 

• 97% of respondents stated that the HFSC had made them feel safer 

• 98% perceived that the advice given was useful 

In parallel, its BVPI survey reports that 75% of respondents are either fairly or very satisfied with 
the service provided by MF&RS with less than 2% expressing dissatisfaction. 
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6. Models to predict the likelihood of fires occurring 
 
The modelling process involves two stages looking firstly to predict the likelihood of a fire occurring and then 
where fires had occurred looking at the likelihood of the fire spreading from the room of origin. 

This section focuses on the ‘likelihood of a fire occurring’ and there are two key sections to this work. The 
first documents the research of the findings and the second provides insight into the predictive model which 
could be used to target future HFSC activity. 

The Modelling Methodology employed is covered in detail in Appendix 2. 

 

6.1. Modelling Objectives: “Likelihood of Incident Model” 
The aim of these models was two-fold to: 

1) “Predict where Dwelling Fire incidents were likely to occur for a given ‘unit geography’ during 
a given ‘outcome period’ based on what is known ‘historically’ at the point of prediction.” 

2) “Quantify the degree to which HFSC visits data contributed to a better model than its 
counterpart that did not.” 

The purpose was to prove that HFSC visits accounted for the difference in predictive performance of two 
otherwise identical models. 

The first objective was revised following initial analysis: 

1) “Predict the volume of Dwelling Fire incidents that were likely to occur for a given ‘unit 
geography’ during a given ‘outcome period’ based on what is known ‘historically’ at the point 
of prediction.” 

 

6.2. Modelling Undertaken 
This analysis has been conducted twice. The initial study focussed on HFSC Visit date from April 2004 to 
March 2007. The second study a year later focussed on HFSC visit data from April 2004 to March 2008. 

The results for the second study were based on a more comprehensive and robust data set and provided 
much more conclusive results. This section focuses on these results. 

In each case and in order to evaluate the above objectives a range of model candidates were developed and 
tested. This was to explore: 
1) The granularity of Unit Geography. (Super Output Are, Census Output Area, Postcode and 10m, 2m 

and 1m radial buffers were tested.) 

2) The duration of the Outcome Period (3, 6 and 12 months were tested) 

3) The duration of the History Period on HFSC visits / MF&RS incidents data. (3, 6, 12, 24, 36 and all 
data prior to observations were tested) 

4) A single ‘point in time’ model versus all available modelling records. 

 

The resulting models were logistic and linear regression models that were constrained to a practical number 
of variables. In each case a variant with and without HFSC Visits data were developed for comparison 
purposes. 

 



 

6.3. Logistic Regression: Modelling Results 
The best models were generally ones that predicted incidents in a 12 months outcome period and the best 
model is documented in the following section.  

The models that predicted three-months out were interesting in that ‘seasonality’ came through as a 
predictive variable though ultimately the models did not offer the same level of accuracy as an equivalent’12 
month out’ model. 
 
Models were also developed that excluded Historical Incidents as predictive variables. These resulted in 
much weaker models reinforcing previous results that identified the underlying geo-demographic profile of 
areas where Incidents are likely to occur as being of secondary effect. 

The methods employed for this phase of analysis were a little more rigorous, and not only considered the 
headline statistics used previously such as Gini and Concordance, but also investigated a range of other 
perspectives such as: 

1) Model Gain, Gearing and Correct Classification from a number of perspectives 
2) Gains Curve and Gains Charts 
3) Model Score Distributions 
4) Target Distribution 
5) Validation 

The ultimate models selected were not just based on the best headline figures but were balanced against the 
other criteria to recommend a stable and robust variant of the model. 

 

6.3.1. Best Model: 12 Months Out (10m Buffer level) 
The following characteristics describe the best model developed to predict the ‘Likelihood of an Incident’ 12 
months out using the April 05 to March 07 data: This was based on information available within a 10m Radial 
Buffer of a property that had either been visited or had previously experienced an incident. 

 
1) The model is a ‘very good’ predictive model with a Correct Classification rate of is around 79% and it 

exhibits a gain of 3.45 over the top 5 Percentile with a gearing of 42 over the lowest 5 Percentile. 
(Fig 6.3.1.1) 

Correct Classification (Development)
Development

Actual Target Control Total
Target 31381 5435 36816
Control 9263 27318 36581

Total 40644 32753 73397

Development
% Target Control Total

Target 85.2% 14.8% 100.0%
Control 25.3% 74.7% 100.0%

Total 110.6% 89.4%

Development
Adjust % Target Control Total

Target 78.7% 21.3% 100.0%
Control 21.4% 78.6% 100.0%

Total 100.1% 99.9%

To

Fr
om

To
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To
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Gearing Top Bottom
Deciles 14.13 1.00
5-Percentiles 42.07 1.00

Gain Top Bottom
Deciles 1.93 0.14
5-Percentiles 3.45 0.08

Correct Classification Overall
80.0%
78.7%

All
Adjusted  

Figure 6.3.1.1 
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2) The following charts illustrate the characteristics of the model in terms of its predictive ability and the 
distribution of scores for Targets and Controls alike. It is particularly effective over the top Quartile. 
(Fig 6.3.1.2) 
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Figure 6.3.1.2 

 
3) The model validated well against the hold-out sample confirming that it is a stable model. (Fig 

6.3.1.3) 
Development Validation
Adjust % Target Control Total Adjust % Target Control Total

Target 78.7% 21.3% 100.0% Target 79.3% 20.7% 100.0%
Control 21.4% 78.6% 100.0% Control 21.0% 79.0% 100.0%

Total 100.1% 99.9% Total 100.3% 99.7%

To To

Fr
om
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om

 
Figure 6.3.1.3 

6.3.2. Conclusions 
The conclusion from this analysis is that HFSC Visits do have a positive impact in predicting ‘where’ a 
‘Dwelling Fire’ is likely to occur. This was observed in all versions of the buffer models that were developed. 
The quantification of this impact can be summarised as follows: 

1) The quality of model is improved by incorporating HFSC Visits data. 

2) Most metrics show an improvement as illustrated in (Fig 6.3.2.1). The predictive ability measured 
through gain is the only exception, which suggests that Visits discriminate more as a middle order 
effect than at the extremes of the distribution. 
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Gearing With Visits Without Visits Improvement
Top Decile 14.13 10.54 34%
Top 5-Percentile 42.07 27.46 53%

Gain With Without Improvement
Top Decile 1.93 1.93 0%
Top 5-Percentile 3.45 3.45 0%

With Without Overall
80.0% 78.5% 1.9%
78.7% 77.6% 1.4%

Correct Classification
All
Adjusted  

Figure 6.3.2.1 
3) The overall performance of the model is reflected in a 2% improvement in Correct Classification and 

the Gains Chart shows a much ‘smoother’ progression through the order reflecting greater stability. 
 

6.4. Linear Regression: Modelling Results 
The best models again were generally ones that predicted incidents in a 12 month outcome period though 
predictive variables had to be chosen carefully. One of the best and most plausible models is documented in 
the following section.  

The ultimate models selected were not just based on the best headline figures but were balanced against the 
other criteria to recommend a stable and robust variant of the model. 

 

6.4.1. Best Model: 12 Months Out (2m Radial Buffer level) 
The following characteristics describe the best model developed to predict the ‘Likelihood of an Incident’ 12 
months out using an analysis period of April 05 to March 07 data: 

1) The quality of model is improved by incorporating HFSC Visits over the previous 12 months 
improving the R-Square metric for the model from 0.54 to 0.62. This represented a 15% 
improvement in the models performance. 

2) The model with an R-Square of 0.62 represents a good model. 

3) The model equation for predicting the volume of incidents in a property over the next 12 months is 

1.086 

Minus 0.0095*Month (1 – 12) 

Plus 0.1931*Num Incidents in previous 12 months 

Plus 0.1753*Num Incidents in previous 36 months 

Minus  0.0015*Season (1 - 4) 

Minus 0.0020*Num HFSC Visits in previous 12 months 

Minus 0.0012*IMD Score 

Plus 0.0142*Proportion of “Urban Intelligence” (MOSAIC) 

Plus 0.0169*Proportion of “no data” (MOSAIC) 

4) In simple terms this suggests that 1 incident is prevented for every 495 HFSC visits carried out. 
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6.4.2. Conclusions 
The conclusion from this analysis is that HFSC Visits do have a positive impact in determining the ‘likelihood 
and level of dwelling fire incidents’. However the findings are more directional than precise. 

1) The Linear Regression Model at this level yields a good model using a range of predictive variables 
and offers guidance as to where incidents may occur. 

2) The model suggests a 15% improvement in R-Square (or the predictive power) of the model due to 
HFSC visits. 

3) The interpretation of the variables is logical 

a. There is a ‘time of year’ effect measured by the Month and Season variables 

b. Dwelling fire incidents 12 and 36 months prior to an observation increase the prediction. 

c. A higher IMD Score (Index of multiple deprivation) representing less deprivation decreases the 
prediction. 

d. A higher proportion of “Urban Intelligence” (MOSAIC) increases the prediction. This may be 
driven by flat occupancy. 

e. No available MOSAIC data increases the prediction. 

4) There is a reduction of 1 predicted incident for every 495 visits conducted. This is a much more 
conservative estimate than the overall MF&RS level model suggested, but it is directionally the 
same. 

 

6.4.3. MF&RS Level Test 
A model was developed to compare against the MF&RS level one developed using the OWLE statistics. This 
also reflected an improvement in modelling accuracy by including HFSC visits data. This model implied you 
can reduce levels of Dwelling Fire incidents over a 12 month period by 1 for every 100 HFSC visits 
undertaken in the previous 12 month period. Although it was not as good a model as the OWLE based one, 
due in part to the reduced data availability, it achieved a very respectable R-Square value of 0.80. 

 

6.5. Conclusions 
The conclusion from this analysis is that HFSC Visits do have a positive impact in determining the ‘likelihood 
and level of dwelling fire incidents’. However the findings are more directional than precise. 

1) The Logistic Model predicting where Dwelling Fire Incidents occur is marginally better with HFSC 
Visits as a predictive variable. 

2) The Linear Regression Model at an MF&RS level and using only Time, Incident and Visits data 
provides a very good model at an aggregate level and suggests an Incident can be prevented for 
every 100 HFSC visits. 

3) The Linear Regression Model at a ‘pseudo property’ level yields a good model using a range of 
predictive variables and offers guidance as to where incidents may occur. 

 



 

Pl/MF&RS/HFSC/v1_0  Page 24 of 35 22nd October 2008 

7. Models to predict the consequence of fires 
 
This section focuses on the ‘likelihood of a fire spreading beyond the room of origin” and there are two key 
sections to this work.  

The Modelling Methodology employed is covered in detail in Appendix 2. 

7.1. Modelling Objectives: Severity of Incident Model 
The aim of these models was two-fold to: 

1) “Predict how severe a FDR1 incident is likely to be, given what is known ‘historically’ about 
the property at the point of prediction (point in time).” 

2) “Quantify the degree to which the predictive model which included HFSC visits data was 
better than its counterpart that did not.” 

The impact of HFSC visits is therefore once again quantified as the difference in predictive performance of 
two otherwise identical models. 

7.2. Modelling Undertaken 
This analysis has been conducted once based on data for the initial study which focussed on HFSC Visit 
date from April 2004 to March 2006.  

Since a conclusive result was obtained the first time around it was considered unnecessary to repeat this 
when the second study was carried out a year using HFSC visit data from April 2004 to March 2008. 

In order to evaluate this, a range of model candidates were developed and tested. This was to explore: 
1) The definition of a modelling target based on the data made available. 

2) The impact of Unit Geography granularity on input data. (Super Output Area, Census Output Area 
and Postcode levels of datasets were tested.) 

3) The duration of the Outcome Period (3, 6 and 12 months were tested) 

4) The duration of the History Period on HFSC visits / MF&RS incidents data. (3, 6, 12, 24, 36 and all 
observations were tested) 

The analysis itself was split into two steps. The first exploratory step was constrained to a simple definition to 
test whether there was actual, rather than theoretical, potential in the proposed modelling methodology. The 
second step was to exhaustively test each variant to develop the best possible model from the range of data 
that was available. 

There was a subtle change of definition between the Initial and Final Modelling Results. The Initial Models 
were based solely on the FSEC ‘Dwelling Fire’ category of incidents. The Project Board of 3rd September 
2007 felt that this was too restrictive a definition and suggested that the overall definition be extended to 
include a wider range of ‘Dwelling Fire’ incidents for which an FDR1 return could be completed.  

These additional incidents were categorised as ‘Other Buildings’ by FSEC and included HMO’s (Homes of 
Multiple Occupancy), High Rise Flats, Houses Converted to Flats and Other Sleeping Accommodation. 
(These were specifically Incident Type Codes (1,2,3,4,7,8)). 

The methods employed for this analysis were a little more rigorous, and not only considered the headline 
statistics used previously such as Gini and Concordance, but also investigated a range of perspectives such 
as: 

1) Model Gain, Gearing and Correct Classification from a number of perspectives 
2) Gains Curve and Gains Charts 
3) Model Score Distributions 
4) Target Distribution 
5) Validation 

The ultimate model selected was not just based on the best headline figure but balanced the other criteria to 
recommend a stable and robust variant of the model. 



 

7.3. Initial Modelling Results 
The following characteristics describe the best model developed to the definition of a target as “Spread 
beyond room of origin” using the April 05 to March 07: 
1) FDR1 modelling observations from April 05 to March 06 were used. These represented the 

‘cleanest’, most complete data set available. 

 Spread of Fire Severity_Level Incidents Casualties Rescues Fatalities
Confined to room of origin 0 5148 862 113 14
Spread within building 1 467 43 1 2
Yes - to building 2 321 51 4 5
Yes - to other 2 39 6 0 0
Yes - to vehicle 2 11 5 0 0  

Figure 7.3.1 
2) The model was an average predictive model. It had a Gini coefficient of 0.625 (this can range from 0 

to 1 where 1 represents a perfect model) and a Concordance of 61% (correct classification). (Fig 
7.3.2) 

3) There was greater evidence of the sought after positive impact due to HFSC visits. HFSC visits over 
the past 12 months improved the model by 0.015 in Gini (2.5% net) and 1.5 in Concordance (2.5% 
net). (Fig 7.3.2)  

Model Visits Concordance Discordance Gini
All Incidents No 60.5 38.4 0.61
All Incidents Yes 62 37 0.625
Improvement 1.5 -1.4 0.015  

Figure 7.3.2 

4) The variables which contributed most to the model were: 
a. The Health Deprivation and Disability Score (25% of variation)  
b. Number of Visits in previous 12 months (a further 22% of variation) 
c. Time to Close and Time to Attend add a further 22% of variation.) 

5) HFSC “visits over the past 12 months” explains over 1/5th (22%) of the variation. 

0.0% 5.0% 10.0% 15.0% 20.0% 25.0% 30.0%

zHealth_Dep_and_Disability

zNum_Visits_12_Pre

zTime_to_Close

zH_Households_Perc

zTime_to_Attend

zB_Households_Perc

zCrime_and_Disorder

zIMD_Score

zBarriers_to_Housing

zA_Households_Perc

zJ_Households_Perc

zE_Households_Perc

zEducation_Skills_and_Training

zIncome_Score

% Contribution

Model All Incidents Visits Yes

ID Variable Chi-Square % Contribution
1 zHealth_Dep_and_Disability 142 25.3%
2 zNum_Visits_12_Pre 125.3 22.4%
3 zTime_to_Close 75.5 13.5%
4 zH_Households_Perc 66.1 11.8%
5 zTime_to_Attend 50.6 9.0%
6 zB_Households_Perc 21.2 3.8%
7 zCrime_and_Disorder 16.9 3.0%
8 zIMD_Score 20.1 3.6%
9 zBarriers_to_Housing 10.2 1.8%
10 zA_Households_Perc 9.5 1.7%
11 zJ_Households_Perc 10.1 1.8%
12 zE_Households_Perc 4.8 0.9%
13 zEducation_Skills_and_Training 4.3 0.8%
14 zIncome_Score 3.9 0.7%

Total 560.5 100.0%

 
Figure 7.3.3 
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7.4. Final Modelling Results 
The following characteristics describe the best model (including visits) developed to the definition of a target 
as “Spread beyond room of origin” using the April 05 to March 07 data: 

 
1) The best model is a described by the following formula, which is expressed in terms of ‘transformed’ 

input variables. (Fig 7.4.1) 

Model (With Visits) : HFSC_Step_2_Level_1_WV_XC_A1

Pr_Target_Score        = -0.015494151 
                                + zTime_to_Mobilise*1.8302348119 
                                + zTime_to_Attend*1.1846004471 
                                + zPC_Num_Incidents_36_Pre*0.6229426305 
                                + zSOA_Num_Visits_6_Pre*0.6431607228 
                                + zGEO_Num_Visits_6_Pre*0.3613560256 
                                + zGEO_Num_Visits_12_Pre* 0.563017141 
                                + zHousholds_SOA*0.4738705964 
                                + zHousehold_Density_OA*0.6562505757 
                                + zOA_F_Perc*0.5440187841 
                                + zHEALTH_DEP_and_DISABILITY_Score*0.6454219152 
                                + zEDUC_SKILLS_and_Training_Score*1.2829674837

 
Figure 7.4.1 

2) The strongest individual variables explaining more than 10% of the variation in model individually 
included ‘Time to Attend’, ‘Household Density in the Output Area’, ‘Time to Mobilise’ and the 
‘Number of Incidents in the Postcode over the past 36 months’, and the ‘IMD Education, Skills and 
Training Score’. The geo-code matched Number of Visits over the past 6 and 12 months, and the 
Number of Visits at the Super Output Area over the past 6 months collectively contributed a further 
13%. (Fig 7.4.2) 
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Figure 7.4.2 
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3) The following Pen Portrait has been constructed for Postcodes appearing in the Top Decile (top 10% 
of scores) for the model. (Fig 7.4.3) 

Pen Portrait : Top Decile (Model : HFSC_Step_2_Level_1_WV_XC_A1)

Targets are 45% more likely to be in the top Decile
Fatalities, Casualties and Rescues are twice as likely to have occurred in these incidents than
average.
The time to attend takes 20% less time than average.
Incidents in the Incident Postcode are typically 65% less likely in the Postal Area, 60% less likely
in the Output Area and 20% less likely in the Super Output Area
Visits on the other hand are 9 times more likely to have occurred at the property, over twice as
likely to have occurred in the postcode and over 20% more likely to have occurred in the Output
Area or Super Output Area
The number of households in the Postcode are 60% higher than average and Houshold density is
over twice the average at the Output Area level.
There are over twice the proportion of 'Welfare Bordelines' than average and over 30% more
"Twilight Subsistence" and "Grey Perspectives" than average.
Unusually there are also over 45% more "Ties of Community" and "Urban Intelligence" at the
postcode level. 
The IMD Scores for 'Crime & Disorder' and 'Living Environment' are likely to be over 20% higher.

 
Figure 7.4.3 

 
4) The model is a ‘good’ average predictive model with a Concordance Score of 68.2. The Correct 

Classification rate is around 63% and it exhibits a gain of over 2 in the top 5 Percentile with a gearing 
of 3.7 over the lowest 5 Percentile. (Fig 7.4.4) 

Correct Classification (Development)
Development

Actual Target Control Total
Target 1704 1500 3204
Control 904 2346 3250

Total 2608 3846 6454

Development
% Target Control Total

Target 53.2% 46.8% 100.0%
Control 27.8% 72.2% 100.0%

Total 81.0% 119.0%

Development
Adjust % Target Control Total

Target 62.4% 37.6% 100.0%
Control 37.0% 63.0% 100.0%

Total 99.4% 100.6%Fr
om

Fr
om

To

To

To
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om

 

Gearing Top Bottom
Deciles 3.10 1.00
5-Percentiles 3.71 1.00

Gain Top Bottom
Deciles 1.75 0.56
5-Percentiles 2.06 0.56

Correct Classification Overall
All 62.8%

62.7%Adjusted  
Figure 7.4.4 

 
5) The model validated well against the hold-out sample confirming that it is a stable model. (Fig 7.4.5) 

Development Validation
Adjust % Target Control Total Adjust % Target Control Total

Target 62.4% 37.6% 100.0% Target 61.8% 38.2% 100.0%
Control 37.0% 63.0% 100.0% Control 37.6% 62.4% 100.0%

Total 99.4% 100.6% Total 99.4% 100.6%Fr
om

Fr
om

To To

 
Figure 7.4.5 
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6) The following charts illustrate the characteristics of the model in terms of its predictive ability and the 
distribution of scores for Targets and Controls alike. It is particularly effective over the top Quartile. 
(Fig 7.4.6) 
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Figure 7.4.6 

7.5.  Conclusions 
The conclusion from this analysis is that HFSC Visits do have a positive impact in ‘Confining an incident to 
the Room of Origin’. This was observed in all versions of the model that were developed. The quantification 
of this impact can be summarised as follows: 

1) The quality of model is improved by incorporating HFSC Visits over the past 3, 16 and 12 months 
variables into the model. 

2) All metrics show a significant improvement as illustrated in (Fig 7.5.1). The predictive ability of 
identifying which incidents are ‘Confined to Room of Origin’ is improved by 22% over the Top Decile 
with an improvement of 31% over the Top 5-Percentile. 

Gearing With Visits Without Visits Improvement
Top Decile 3.10 2.47 26%
Top 5-Percentile 3.71 2.70 37%

Gain With Without Bottom
Top Decile 1.75 1.44 22%
Top 5-Percentile 2.06 1.57 31%

Correct Classification With Without Overall
All 62.8% 60.3% 4.0%
Adjusted 62.7% 60.3% 3.9%  

Figure 7.5.1 
3) The overall performance of the model is reflected in a 4% improvement in Correct Classification and 

the Gains Chart shows a much ‘smoother’ progression through the order reflecting greater stability. 
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8. Overall conclusions 
From the analysis contained in sections four through seven, we draw the following conclusions: 

• Since the commencement of its HFSC campaign in 1999, MF&RS has experienced a much 
larger drop in the number accidental dwelling fires reported in each year than other 
metropolitan fire services or indeed nationally 

• The rate of casualties per accidental dwelling fire has dropped significantly in Merseyside 
whilst remaining broadly static nationally 

• Statistical models show that a recent (within the previous 12 months) HFSC is a 
contributory factor towards the likelihood of an accidental dwelling fire occurring in the next 
12 months. However, the incomplete nature of historical data available for the period of the 
HFSC campaign has prevented robust quantification of the extent to which HFSCs have 
contributed to the reductions stated in the first two points above 

• Statistical models also show that the previous occurrence of HFSCs impact on the 
likelihood of a fire being confined to its room of origin  

The incomplete HFSC data was a constraint throughout the project. The project team took the 
decision to wait for a further year of data collected through a more robust mechanism to become 
available in order that the initial analysis could be repeated with a minimum size data set. 

The net result of this was that it has not been possible (due to both lack of time and insufficient 
data) to undertake all of the activity envisaged within the project budget. We therefore recommend 
that: 

• The analysis is repeated once a further 12 months of data in MF&RS is available 

• The analysis is undertaken with other fire and rescue services (following an initial vetting to 
ensure completeness of required HFSC and incident data) 

• The CLG data cited in this study is correlated with national HFSC activity and other 
parameters 

The emerging findings from this work are promising; they enable us to state with confidence a 
directional effect of HFSCs in reducing the level of incidents and improving the outcome of an 
incident once it occurs.  

By implementing the above recommendations, it should be possible to provide greater detail on the 
extent to which HFSCs have affected these events, and to provide information on the targeting of 
HFSCs. 
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Appendix 1 

1 Potential Data Sources 
This section provides a breakdown of the Data Sources considered and used in the modelling process. 

MF&RS HFSC Data 
- Pre-Loop  

o Circa 6,000/yr for 2 years 
o Largely Station driven initiatives and recording standards 

- Loop 
o Outsourced Data Collection 
o From 12,000/yr growing to 50,000/yr 

- Fire Services Direct 
o 50,000/yr over 2 years 

MF&RS Management Information Reports (Historical) 
- HFSC Volumes 
- Other Strategy Volumes 
- Total Incident Volumes 

o Broken down by Fire Risk Category (Dwelling Fires particularly) 
- Incident Volumes by geography (Ward level) 

Other Prevention Strategies Data 
- RRO (Regulatory Reform Orders) – Legislative 
- Inspections – Legislative 

o DCLG returns 
o RRO Commercial (Fire Gateway) 

- Other initiatives (What data can be obtained from where?) 
o Princes Trust 
o School Liaison 
o Advocates 
o Partnerships 
o 72Ds/ RM1’s 
o Fire Support Network (FSN) Customer Satisfaction of HFSC 
o Opinion Research Services ~ Customer Satisfaction Surveys 
o Best Value Performance Indicators (BVPI’s) 

Other Environmental Factors 
- Sources of Economic and Social Regeneration data. 
- Housing Trust data? 
- Demographic changes – Annual Mosaic / Acorn updates. 
- North West Local Government and Emergency Services data. 
- Strat-e-gis 
- North West Regional Development Agency 

End to End Analysis (Short term sources) 
- Speke Fire Station. (Station and Brigade records) 
- Kirkdale Fire Station. (Station and Brigade records) 

 



 

Key to some External Data Sources 
 

Mosaic Decodes 
Level Group Group_Code_G Total_Households_Group Num_SOAs
MFRS A Symbols of Success A 39425 2662
MFRS B Happy Families B 40821 1881
MFRS C Suburban Comfort C 95398 4813
MFRS D Ties of Community D 119039 5551
MFRS E Urban Intelligence E 15803 694
MFRS F Welfare Borderline F 53199 2371
MFRS G Municipal Dependency G 112644 5220
MFRS H Blue Collar Enterprise H 48936 2314
MFRS I Twilight Subsistence I 21130 877
MFRS J Grey Perspectives J 33470 1816
MFRS K Rural Isolation K 1422 219
MFRS Z Unclassified Z 0 462  

 

Index of Multiple Deprivation (2004) 
The seven Domain Indices are: 
         *  Income 
         *  Employment
         *  Health Deprivation and Disability
         *  Education, Skills and Training
         *  Barriers to Housing and Services
         *  Crime
         *  Living Environment

The IMD Index 2004 was constructed by combining the seven transformed domain scores, using the following weights:
         *  Income (22.5%)
         *  Employment (22.5%)
         *  Health Deprivation and Disability (13.5%)
         *  Education, Skills and Training (13.5%)
         *  Barriers to Housing and Services (9.3%)
         *  Crime (9.3%)
         *  Living Environment (9.3%)
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Appendix 2 
 

2 HFSC Modelling Methodology 
This section provides a step by step overview of the Methodology used to generate the HFSC models.  

2.1 Modelling Philosophy 

The objective of this study was to develop a ‘predictive’ model which could identify the effects of HFSC 
activity in specific geographic areas. In particular and if possible the aim was to establish and quantify the 
positive effect that HFSCs had in reducing Life Risk. 

HFSC activity in the MF&RS area is now in a relatively steady state, given the sustained level of HFSC 
activity over the past 5 years (prior to March 2007). As such any model will have to be relatively dynamic and 
demonstrate both positive and negative effects. For example: 
- There is likely to be a ‘negligible effect’ or ‘no change’ in areas that have previously been treated. 

(This is because any beneficial effect of a HFSC visit has already been claimed, and you are simply 
maintaining the higher ‘status quo’.) 

- There is likely to be an ‘increased risk’ in areas that have previously been treated but are not 
currently in plan. (This should be due to a ‘wearing off’ effect of the effectiveness of previous HFSC 
visits. The actual ‘shelf life’ or ‘period of influence’ is unknown and needs to be identified if possible 
as part of this analysis.)  

- There is likely to be a ‘decreased risk’ in areas that have previously been treated. (Assuming that 
there is a beneficial effect from undertaking a HFSC visit, then it will be maximised in areas that have 
not previously been visited.) 

These characteristics require an adaptive technique that can take into account what has happened 
historically at a point in time (3 months, 6 months, 12 months or greater prior to the point of observation), and 
predict what is going to happen in an outcome period (3 months, 6 months or 12 months after the point of 
observation.). 

If the problem is formulated as a binary outcome, that is the outcome can be defined as Yes (an incident will 
occur) or No (an incident will not occur), then a technique such as Logistic Regression can be applied. 

Logistic regression is a technique that is used extensively and successfully in Credit Risk modelling and 
Direct Marketing or Product Propensity modelling. Given the ‘campaign’ nature of HFSC activity and the 
inherent ‘risk reduction’ objectives it seems fitting that such a technique should be employed to understand 
the effects of HFSC activity on incident levels in the MF&RS area. 

 

2.2 Modelling Methodology - General 

To apply a technique such as Logistic Regression it is first necessary to transform the data being analysed 
into a format that is suitable for this technique. This is driven by two main reference points of Unit Geography 
and Time:  
- The first reference point is a common Unit Area of geography that all of the data can be summarised 

to. (Indeed if it is possible to summarise this information down to a property level this may provide 
greater predictive power.)  Figure A2.2.1 illustrates a Super Output area. 

- The second reference point is relative to a point in time. All data should be summarised relative to an 
observation point and be expressed in units of time before and after the observation. (eg 3, 6, 12, 24 
months prior or 3, 6 12, 24 months post). Figure A2.2.2 illustrates this. 



 

- The information at a point in time or the historical summaries prior to the point in time can then be 
used as predictive data. 

Figure A2.2.1 illustrates a Super Output Area as a unit level of geography relative to the MF&RS area.  
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Super Output Area : E01006412
 

Figure A2.2.1 

Figure A2.2.2 illustrates that the data we are dealing with can be further broken down into Census Output 
Areas and indeed points such as HFSC Visits or Incidents. 
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Key
Red Circles – Incidents
Blue Stars – HFSC Visits
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Figure A2.2.2 



 

 

The ultimate objective is to predict the outcomes after the point of observation using the predictive data.  
Figure A2.2.3 illustrates the transformations that are required graphically. 
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Figure A2.2.3 

The analysis window is determined by the quality or availability of data over time.  In the case of the HFSC 
work Goldmine provides a reliable source of information from April 2004 onwards. This means that in order 
to predict 12 months ahead using at least 12 months history a modelling observation will require at least 25 
continuous months worth of data. 

The Goldmine source of data therefore limited usable observations to between April 2005 and March 2006 
for the first iteration of the study. This was extended to March 2007 for the second iteration. 

2.3 “Likelihood of a Dwelling Fire” Model 

The first Model (Incident Model) is essentially a ‘Likelihood of Incident’ model that aims to predict whether an 
incident will occur in a given unit geography over the subsequent 3 and 12 month periods. 

This adopts the general methodology described above and varies the Unit Geography by testing Super 
Output Area, Census Output Area and Postcode variants of the model. 

It uses the available MF&RS Incident & HFSC Visit data plus other external data summarised at the 
appropriate unit geography level over a range of relative time-periods. 

 

2.4 “Severity of Impact” Model 

The second 2 Model (Impact Model) is essentially a ‘Severity of Incident’ model that aims to predict the 
impact or severity of an incident given that one incident has occurred.  

This varies the general methodology described above by setting the Unit Geography as the incident location. 
Available descriptive data is then linked to the incident from the range of Postcode, Census Output Area and 
Super Output area summaries and also the 10m, 2m and 1m radial buffers prepared for the first Model. (The 
incident data selected is based on FDR1 over the past 5 years where we know the ‘Spread of Fire’.) 
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2.5 Proving the Hypothesis 

The basic hypotheses to be tested are that: 
- HFSC visits have a positive impact in reducing the level of incidents in treated areas. 

- HFSC visits have a positive impact in reducing the severity of incidents in treated areas. 

In order to prove this each model would be built in pairs, a variant which included HFSC visits data and a 
variant which did not.   

Put simply if HFSC visits were having an impact then each model variant which included HFSC visits data 
should be better than the variant that did not. 

 

2.6 Sampling and Validation 

Three key techniques have been applied to derive a robust and statistically sound model: 
1) Over-sampling.  

a. Over-sampling is a sampling technique applied to ensure a balanced model is developed.  

b. In essence it ensures that equal proportions of randomly selected Targets and Rejects are used 
in the modelling process. 

2) Hold-back Samples. 

a. Once a balance sample of Targets & Rejects is assembled for modelling purposes a proportion 
is ‘held back’ or ‘set aside’. (Often denoted ‘Build’ and ‘Validate’) 

b. The model is developed using the ‘Build’ sample. 

c. The resulting model is then applied to the ‘Validate’ or ‘hold-back’ sample and the results 
compared. 

d. A good model is one where the difference between the results is ‘minimal’. 

3) Information Value – Transformation. 

a. Each input variables is sorted and ‘binned’ (A bin is a logical split of the data values.) For 
example  a variable with values 1, 2, 3, 4, 5 & 6 could be broken into 6 unique bins, or two bins 
of 3 (1,2,3) and (4, 5, 6) or three bins of 2 observations (1,2), (3,4) and (5,6). 

b. The binned variables are then analysed against the proportion of Targets in each bin. This is 
used to calculate a measure of fit called Information Value. 

c. A range of bins are used to transform the variable and maximise the Information Value. This 
information is then used as the input into the Logistic Regression modelling process. 

d. It also helps to ‘cap and collar’ the data and minimise the impact of outliers and rogue values. 

 

2.7 Datasets considered 

A range of potential data sources were considered that could potentially have supported this study. These 
have been detailed in Appendix 1. 

2.8 Modelling Methodology – Datasets used 

The datasets used are described in Appendix 1. 
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