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Abstract. In this paper, we examine fire prevention planning in terms of analysis of
population trends with regard to the area covered by Merseyside fire and rescue ser-

vice in the North West of England. In particular, we present an examination of the
potential impact of changing population characteristics previously identified as being
associated with fire risk such as old age, living alone, behaviours and lifestyles such

as smoking and alcohol consumption, and health and social care provision for the
most vulnerable groups upon fire prevention strategies. Overall, the examination of
the likely impact of population trends on fire risk identified the following impacts for

the area covered for the fire and rescue service concerned: a likely increase in fire risk
associated with the elderly and those with a long-term health problem or disability,
and a likely decrease in fire risk associated with smoking and alcohol consumption,
apart from alcohol consumption by the elderly. Based upon this analysis fire preven-

tion for this area should increasingly target the elderly, the disabled and those with
mental health and neurological conditions. This would be relevant to other fire and
rescue services worldwide that have similar population trends that could impact fire

risks, and also provide guidance for appropriate actions with regard to fire preven-
tion.

Keywords: Fire, Prevention, Planning, Population, Trends

1. Introduction

Different population segments can have different levels and types of fire risk asso-
ciated with them [38],[20]. Different population behaviours and lifestyles can also
impact the level of fire risk [10],[37]. Over time, the makeup of an area in terms of
the proportions of different population segments, and the nature of these popula-
tion segments themselves may change. Thus, the fire risk factors within an area
may change over time, potentially necessitating changes to the manner of fire pre-
vention, in order for such to remain effective. Currently there does not appear to
be widely used models available for assessing the potential impact of population
changes upon fire risk, in order to inform potential changes required to fire pre-
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vention strategies. In this paper, we examine the potential impact of population
changes upon fire risk. The risk of fire has been identified as being higher for the
elderly and the disabled in numerous countries along with the increasing propor-
tions of such individuals in the population [16], [12], [5], [22].

The research reported in this paper concerned the examination at a local level
of the likely impact of population changes upon fire risk within an area, and its
application in practice in Merseyside Fire and Rescue Service in the North West
region of the UK. The originality of the research is an examination of the likely
impact of population trends for population characteristics previously identified as
being associated with fire risk, for use by fire and rescue services. The population
trends examined included old age, living alone, behaviours and lifestyles such as
smoking and alcohol consumption, and health and social care provision for the
most vulnerable groups, previously identified as the major causal factors in unin-
tentional dwelling fires [21], [10]. Other social factors such as income/wealth, edu-
cation, and career were not included in the analysis since they are typically lesser
causal factors in unintentional dwelling fires than factors such as old age, disabil-
ity, and smoking and alcohol consumption [13], and data such as income/wealth,
education, and career would typically not be included in fire incidence reporting
within fire and rescue services.

A particular aspect of the trends in dwelling fire incidences and dwelling fire
injuries was that the likelihood of a given fire incident involving a fire injury had
increased slightly in the area studied by 6.5% from 2006 to 2016 [in 2006 there
were 129 fire injuries out of 1384 fire incidences (9.3% of fire incidences resulted
in injury), in 2016 there were 104 fire injuries out of 1049 fire incidences (9.9% of
fire incidences resulted in injury)]. Overall, the analysis of population trends and
their likely impact on fire prevention strategies is an important research topic in
the context of typically reducing fire and rescue service budgets, and increasing
populations within the UK and elsewhere. The research presented in this paper
adds to the overall body of knowledge concerning fire prevention by presenting an
examination of the potential impact of changing population characteristics upon
fire prevention strategies. In the area in which the research was undertaken, popu-
lation trends relating to previously identified main fire risk factors such as old age,
living alone, behaviours and lifestyles such as smoking and alcohol consumption,
and health and social care provision for the most vulnerable groups were exam-
ined. In different areas, different subsets of fire risk factors might have different
relative risk levels associated with them which would determine their inclusion in
the analysis, for example areas might have lower alcohol consumption rates, or
lower proportions of elderly residents, making the approach presented more
widely applicable. Since building codes and public regulations concerning fire risk
are predominantly concerned with safety of life and evacuation in particular, there
is a need to investigate if and how trends in population and life-style might
impact upon this, especially as regards self-rescue and impairment. The approach
presented in this paper concerns identifying what are the major causal factors in
the area covered by a given fire and rescue service and then gathering and analys-
ing relevant data connected with these causal factors in terms of population trends
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to determine the likely future impact in terms of fire risk and fire prevention
strategies.

2. Literature Review

2.1. Fire Prevention Planning

Previous research had indicated that although factors such as poor housing stock,
over-crowding, income/wealth, education, and careers can be associated with
dwelling fire incidences, factors related to the individual such as age, smoking and
alcohol consumption are far more relevant to fire prevention [21], [10]. Fire pre-
vention planning involves understanding the current state of local communities
[38], [36], historic population trends, and anticipation of likely future population
trends [4].

2.2. Population Segmentation and Fire Risk Assessment

Community profiling via population segmentation [18], [38] can aid analytical
work such as annual fire fatality reports. Previous research [13], [36], [7] had iden-
tified physical disability/long-term illness, age (particularly the elderly), living
alone, smoking, alcohol intoxication, social deprivation, and smoke alarm not pre-
sent as typically being the most significant causal factors in unintentional dwelling
fires.

2.3. Population Behaviours and Lifestyles and Fire Risk Assessment

Different population behaviours and lifestyles such as smoking and alcohol con-
sumption can have different levels of fire risk associated with them [10], [9]. Cor-
coran et al. [8] commented that lifestyle characteristics of localities can be used to
analyse and understand fire risk levels and to identify the types of areas that are
relatively more vulnerable to fire incidence than others.

2.4. Vulnerable Groups and Fire Risk Assessment

An increasingly vulnerable population in terms of fire risk associated with age and
disability is a known issue in various parts of the world [22]. Approaches to
enhance the identification of at-risk or vulnerable individuals are becoming ever
more important to fire and rescue services. Vulnerability profiles can be used to
indicate which individuals most require intervention from fire prevention services
based on risk levels [18], [6]. Fernandez-Vigil and Trueba [12] stated that the onset
of mental illness like dementia is a significant factor associated with fire risk for
the elderly. The risk of developing dementia increases exponentially with age.
With an increasingly ageing population in the UK and worldwide, the number of
people with dementia is set to rise significantly in the decades to come [25].

Population Trends and Fire Prevention 1785



2.5. Population Trends and Fire Risk Assessment

Various studies have indicated that population increases can affect fire risk levels
[1], [24]. In particular, fire risk levels can increase in urban high population
growth areas [45]. In many countries, increasingly ageing populations can present
an increasing fire risk, since the elderly have been consistently identified as a high
fire risk group [19], [44].

2.6. Population Trends and Building Codes and Public Regulations
Concerned with Fire Risk

Miller [28] commented that building codes and standards such as the adoption of
safer home heating technologies, with portable radiant heaters and open fires
being replaced by heat pumps could assist in reducing domestic fire risk. In addi-
tion, the future use of sensors within the home, together with software to identify
situations requiring intervention or assistance and notify relevant authorities could
partially offset the increased fire risk associated with an aging population. The
UK National Fire Chiefs Council [15] commented that building regulations should
protect vulnerable individuals such as older people, and people with disabilities
from the risk of dwelling fire.

3. Research Method

A case study involving merseyside fire and rescue service (MFRS) in the North
West of the UK was undertaken concerning an examination of the potential
impact of population trends upon fire risk levels, and the likely impacts upon fire
prevention strategies. MFRS staff involved included the Fire Prevention Group
Manager, Director of Strategy and Performance, Corporate Information and Sys-
tems Manager, and Business Intelligence Manager. The methodological challenges
of assessing the impact of population trends included the availability of suit-
able data at a suitable level of geography and the timeframes of such data.

Based upon the literature review, and meetings with fire and rescue service staff,
an examination of the impact of population trends on fire risk was undertaken.
The first step concerned analysis of the different population segments within an
area that can have different levels of fire risk [18], [38]. The second step concerned
analysis of the different population behaviours and lifestyle such as smoking and
alcohol consumption (which may be exhibited at different levels by different popu-
lation segments) that can have different levels of fire risk associated with them
[10]. The next step concerned analysis of the circumstances of the most vulnerable
groups (including the elderly, the disabled, and those with long-term health condi-
tions) that can affect the level of fire risk [18]. For the period 2006–2016 in Mer-
seyside, 56% of fire fatality victims were over the age of 65, 65% of fire fatality
victims lived alone, and 52% of fire fatality victims had a disability. In addition,
51% of fire fatalities involved smoker’s materials, and 40% of fire fatalities
involved alcohol consumption. All of these fire risk factors were therefore deemed
worthy of study in terms of the impact of population trends relating to these fac-
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tors, since these were the most significant fire risk factors for the population stud-
ied.

The next step concerned analysis of data from appropriate government statisti-
cal, and healthcare agencies concerning predicted changes or historical trends
relating to the size and composition of different population groups, their lifestyles
and behaviours, and the circumstances of the most vulnerable groups. The final
step concerned analysis of how the predicted changes or historical trends in popu-
lation characteristics were likely to affect fire risk based upon historical and cur-
rent levels of fire incidences associated with the different population
characteristics. The steps in the approach are shown in the Annex.

The research questions posed were:

How can the potential impact of population trends on fire risk be assessed?
How can the potential impact of population behaviours and lifestyle trends on
fire risk be assessed?
How can the potential impact of trends in the circumstances of vulnerable
groups on fire risk be assessed?
How might trends in population and life-style impact fire safety building codes
and public regulations concerned with safety of life and evacuation in particular
(especially as regards self-rescue and impairment)?
These are important research questions since growing and changing populations,
and continuing budget reductions necessitate a deeper understanding of the likely
changes to fire risk associated with population changes, in order to be able to
adapt to a changing fire risk landscape.

Data was sought regarding the current, historical, and projected values relating
to population segments, population behaviours and lifestyles associated with fire
risk, and the circumstances of the most vulnerable groups for the area concerned.
The data obtained included:

� Dwelling fire data from MFRS over the period 2006–2016
� Population predictions for the areas covered by MFRS over the period 2014–

2024, from the UK Office for National Statistics (ONS)
� The number of individuals living alone and the percentage of different age

groups living alone, and the number of individuals with a long-term health
problem or disability in Merseyside from the 2011 UK Census from the UK
Office for National Statistics (ONS)

� The proportions of the UK population who smoked and the proportions of the
UK population who drank more than the recommended maximum number of
units of alcohol on their heaviest drinking day in the last week from 2006 to
2016 from UK NHS Statistics

� The percentages of the population of the North of England with mental health
and neurological conditions in the period 2015–2016 from UK NHS Digital

A limitation of the research conducted was the availability of data. The only
detailed projected data available for Merseyside was for population changes and
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dementia cases, although other projected data such as those living alone was
available for the UK or England and Wales. Other data such as smoking and
alcohol consumption levels was only available currently and historically, enabling
historical trends to be analysed. Although finer-grained geographical area data
would have been beneficial, such was simply not available.

The statistical methodology concerned comparing the population trends
observed with dwelling fire data to determine the relationship between the popula-
tion trends and fires associated with the relevant groups of individuals. However,
given that data was only available on a yearly basis, there was insufficient recent
data instances to be able to meet the required sample size for determining an
actual correlation coefficient.

Sufficient population and fire incidence data was only available for some of the
areas concerned. For example, fire incidence data did not include the age of those
involved in the fire incidence, or whether they had a disability, this was only avail-
able for the much smaller numbers of fire injuries and fatalities.

4. Results

UK projected population trends are produced by the ONS [32]. UK population
behaviours and lifestyles are regularly produced by the ONS [3], [35], from which
trends can be established. Statistics regarding long-term health conditions such as
dementia trends are available via NHS Statistics [11].

4.1. Examination of the Impact of Population Trends on Fire Risk

The first step concerned analysis of the different population segments within an
area. Fire and rescue services may develop their own population segmentation
models [38], or may use existing population segmentation models such as
MOSAIC [29]. The next step concerned analysis of the different population seg-
ment behaviours and lifestyle such as smoking and alcohol consumption associ-
ated with fire risk [10]. The next step concerned analysis of the circumstances of
the most vulnerable fire risk groups (including the elderly, disabled, and those
with long-term health conditions) [18]. The next step concerned analysis of appro-
priate data from government statistical, and healthcare agencies concerning pre-
dicted changes or historical trends with regard to the size and composition of
different population groups, their lifestyles and behaviours, and the circumstances
of the most vulnerable groups. The final step concerned analysis of how the pre-
dicted changes or historical trends in population characteristics related to fire risk,
in terms of the historical and current levels of fire incidences associated with the
different population groups, lifestyles and behaviours and vulnerable groups.

� For different fire and rescue services, different subsets of fire risk factors might
have different relative risk levels associated with them, for example some areas
covered by fire and rescue services might have lower alcohol consumption rates,
or lower proportions of elderly residents.
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� The approach presented in this paper concerns identifying what are the major
causal factors in the area covered by a given fire and rescue service and then
gathering and analysing relevant data connected with these causal factors in
terms of population trends to determine the likely future impact in terms of fire
risk and fire prevention strategies.

� In this manner the examination presented can be more widely applicable, since
it provides a generic framework for determining what are the major population
causal fire risk factors within an area, what data is available concerning the cur-
rent and future state of such population characteristics, and how this can be
analysed in terms of the relationships between the changes in the population
characteristic over time, and the level of associated dwelling fire instances over
time in order to inform future fire prevention strategies.

4.2. Population Trends and Fire Risk

The first step was to assess the proportions of different population segments
within the area. Age is a key factor in the makeup of different population seg-
ments, as is living alone [40], and both had previously been identified as contribut-
ing to fire risk. In the period 2006–2016 in Merseyside, 56% of fire fatality victims
were aged 65 or over, and 65% of fire fatality victims lived alone.

The elderly are statistically one of the higher fire risk age groups [26]. The pro-
portion of elderly individuals within the Merseyside region is projected to grow,
thus indicating a potentially higher number and proportion of higher fire risk
individuals within the region in the future. In Europe as a whole, in early 2018
there were 101.1 million older people (aged 65 years or more) living in the 28 EU
countries, equating to nearly a fifth (19.7%) of the total population. During the
next three decades, this figure is projected to rise up to 149.2 million inhabitants
in 2050 (28.5% of the total population) [2].

In terms of the loss of life expectancy, since elderly people are more likely to
die in a dwelling fire, there could be a significant loss of (years of) life expectancy
for those involved in a dwelling fire. However, there are a very small number of
fire deaths per year (on average 8 fire deaths per year in the time period studied)
in Merseyside.

The predicted population increases in the areas covered by MFRS over the per-
iod 2014–2024 [32] were given for Fig. 1

The population of Liverpool in the 2011 UK Census was 552,267, Knowsley
was 145,893, Sefton was 273,790, St. Helens was 102,885, and Wirral was 319,783.
The predicted increases in those aged 65 and over (identified by MFRS as the
most vulnerable age group in terms of fire risk) 2014–2024 [32] were given for
Fig. 2

This indicated that the proportion of the population considered to be in a
higher fire risk category (the elderly) is likely to increase significantly in the near
future, posing a greater need for fire prevention activities. Over the period 2006–
2016 the number of fire injuries in the Merseyside area declined from 129 to 100
per year, with the number aged 65 or over injured in a fire declining from 35 to
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25, and number aged less than 65 injured in a fire declining from 94 to 75. How-
ever, as a proportion of the elderly and non-elderly populations, the elderly still
had a higher proportion of fire injuries throughout this period [39]. Unfortunately,
the age of those involved in a fire incident is only recorded when there is an injury

Figure 1. Predicted increases in overall population in MFRS area
2014–2024.

Figure 2. Predicted percentage increases in those aged 65 and over
in MFRS area 2014–2024.
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or fatality, and therefore it was not possible to compare fire incidences with the
numbers or proportion of elderly residents over the time period concerned.

From the 2011 UK Census the number of individuals living alone (not in a cou-
ple) and the percentage of the given age group living alone (not in a couple) in
Merseyside were [31] given for Fig. 3.

The number of people living on their own increased by 16% to 7.7 million
between 1997 and 2017, whilst the UK population increased by only 13% over
this period. By 2039, the number of UK one-person households is projected to
rise to 10.7 million. The rise in the number of people living alone is mainly con-
centrated in older age groups [33]. Given the projected increase in the percentage
of 65 + individuals living alone and that living alone is a known causal factor in
unintentional dwelling fires, and that the 65 + age group (already identified as a
high fire risk group) is likely to increase in number significantly in the near future,
fire prevention approaches would need to cater for this combined higher risk
group of elderly and living alone individuals.

From the 2011 UK Census the number of individuals with a long-term health
problem or disability in Merseyside was [31] given for Fig. 4:

Guzman-Castillo et al. [14] predicted a 25% increase in the number of those
with a disability aged 65 or over in England and Wales over the period 2015–
2025.

� Given the projected increases in the number of individuals age 65 and over with
a disability, it would appear that there will be increasing numbers of elderly
individuals with a disability in the Merseyside region. Since these are typically
the most vulnerable groups in terms of fire risk, there will be an increased need
for fire prevention activities targeted at these groups.

4.3. Population Behaviours and Lifestyle Trends and Fire Risk

The next step was to assess the impact of trends in population behaviours and
lifestyles associated with fire risk. Smoking rates in the UK appear to be decreas-
ing over time [35]. Alcohol consumption rates in the UK appear to be declining
for younger and middle aged individuals, but appear to be increasing for older
and more affluent individuals [3]. Both smoker’s materials and alcohol consump-
tion had been previously identified as fire risk factors [23], [41], and for the period
2006–2016 in Merseyside, 51% of fire fatalities involved smoker’s materials, and
40% of fire fatalities involved alcohol consumption.

Trends in population lifestyles and behaviours can be used to estimate potential
changes to fire risk levels for different population segments. This can be used to
inform fire prevention approaches dealing with such behaviours and lifestyles, for
example referral to smoking cessation services in the UK NHS by UK fire and
rescue services.

Over the period 2006–2016 the proportions of the UK population who smoked
were [35] given for Fig. 5.
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For all the different age groups and overall, there was a significant downward
trend in smoking rates (similar to reductions in smoking reported globally [42].
This downward trend would appear likely to continue, given the continuing efforts

Figure 3. The number of individuals living alone and the percentage
of the given age group living alone in Merseyside from the UK 2011
Census.

Figure 4. The number of individuals with a long-term health problem
or disability in Merseyside from the UK 2011 Census.
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of the UK NHS in supporting smoking cessation. This would appear to indicate a
slightly reducing risk of fires caused by smoking materials, even when projected
population increases are considered. The decrease in smokers was greater in the
age groups below 60, however, given that the proportion in the 60 + age group
had relatively increased, the relatively small decrease in smokers aged 60 + was
also significant, given the increasing numbers in that age group.

Over the period 2006–2016 the proportions of the UK population who drank
more than the recommended maximum number of units of alcohol on their heavi-
est drinking day in the last week was [3] given for Fig. 6.

For most of the different UK age groups and overall, there was a significant
downward trend in alcohol consumption, which might appear surprising com-
pared to other countries [27]. This downward trend is possibly more of a social
change in younger age groups than NHS-mediated change via alcohol awareness
and alcohol management schemes. However, the age 65 + group showed an
increase in alcohol consumption during this period. In the period 2014–2016 in
the UK, analysis by income indicated that the higher the level of income, the
higher the level of alcohol consumption [3]. In the period 2010–2015 in Mersey-
side, there was a decrease in alcohol related fires from 126 in 2010/2011 to 97 in
2014/2015 [10], which could indicate that reductions in alcohol consumption were
having a positive impact on reducing the number of dwelling fires, however corre-
lation does not necessarily imply causation.

� This would appear to indicate that fire prevention strategies used by UK fire
and rescue services might need to increase alcohol consumption awareness by

Figure 5. Proportions of the UK population who smoked 2006 and
2016.

Population Trends and Fire Prevention 1793



elderly individuals during home fire safety checks and safe and well visits espe-
cially with regard to more affluent households.

� When discussing risk levels, it can be inappropriate to make complex assump-
tions regarding risk, and the layering of risks and exposures. For example, the
risk level of individuals who smoke, drink excessively, and are vulnerable can be
difficult to estimate, given that data is simply not available for individuals or
groups across risk factors. In addition, whilst smoking is reducing there could
be differences between those who have quit and those who continue, meaning
that the fire risk associated with smoking may not follow a parallel trend.

4.4. Vulnerable Group Trends and Fire Risk

The next step involved assessment of the impact on fire risk levels of changes in
health and social care provision for the most vulnerable in terms of fire risk. This
group includes the disabled, and those with mental health conditions (including
dementia). Fernandez-Vigil and Trueba [12] commented that mental illness such
as dementia is a significant factor associated with fire risk for the elderly. In the
period 2006–2016 in Merseyside, 52% of fire fatality victims had a disability. The
proportion of the UK population with dementia is increasing and by 2040, the
number of people with the condition is expected to double [11]. In 2019 it was
estimated that there were almost 885,000 older people with dementia in the UK
and the prevalence rate of dementia among older people in the UK was 7.1%
[43]. Although currently relatively small in number, increases in the number of
individuals with dementia is likely to present new challenges in terms of managing

Figure 6. Proportions of UK population who drank more than the
recommended maximum number of units of alcohol on their heaviest
drinking day in the last week 2006–2016.
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fire prevention. The majority of people with dementia living in the UK reside in
their own homes, rather than in residential care facilities [16]. There is a lack of
statistics reporting the numbers of people with dementia who are injured or die in
fires in the home in the UK, since Fire and Rescue Services do not collect this
information as standard. However, the risk of injury or death from unintentional
dwelling fires associated with dementia is likely to increase [16]. Figure 7. Shows
the projected increases in the number of those aged 65 or over with dementia in
the Merseyside area from 2019 to 2030 [43].

� Given the projected increases in the number of the over 65 age group with
dementia, this would appear to indicate that fire risks associated with dementia
are likely to increase in the near future in Merseyside, and that appropriate fire
prevention approaches for this group will become more important.

4.5. Addressing the Impact of Population Trends on Fire Risk

In order to address the potential impact of population trends on fire risk it is
important to consider likely changes concerning: the numbers and proportions of
at-risk groups, behaviours and lifestyles associated with fire risk, and the circum-
stances of the most vulnerable groups. This can then be compared with historical
fire data in order to appreciate likely changes that may occur. Figure 8 shows the
number of accidental dwelling fire incidences, injuries and fatalities in the period
2006-2016 within Merseyside.

The number of accidental dwelling fires had shown a significant reduction over
2006–2016 in Merseyside, and the number of fire injuries and fire fatalities had
remained low. Although the number and proportion of at-risk groups such as the
elderly and the disabled and those living alone has recently increased, this did not
appear to increase or even maintain the overall number of dwelling fire incidents.
Given the low numbers of dwelling fire injuries and very low numbers of dwelling
fire deaths per year in Merseyside, it would be difficult to draw meaningful con-
clusions regarding the impact of population changes on the trends in dwelling fire
injuries and deaths. The number and proportion of at-risk groups in the Mersey-
side area appears to be predicted to increase in the coming decades, so although
at present such increases have not led to an increase or even a flat trend in fire
incidences, it is important that fire prevention approaches adapt in order to main-
tain the downward trend in fire incidences.

UK Fire and Rescue Services are currently expanding their scope of operations
through the Safe and Well initiative [34] (an evolution of the Home Fire Safety
Check initiative [17], which involves not only fire prevention, but also health and
social care prevention initiatives such as smoking cessation, and alcohol manage-
ment. Overall, the examination of the likely impact of population trends on fire
risk identified the following for the Merseyside area:

� There is likely to be an increase in fire risk associated with the elderly and those
with a long-term health problem or disability
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Figure 7. Projected increases in the number of those aged 65 or
over with dementia in the Merseyside area from 2019 to 2030 [43].

Figure 8. Accidental dwelling fire incidences, injuries and fatalities
in Merseyside 2006–2016.
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� There is likely to be a decrease in fire risk associated with smoking and alcohol
consumption, apart from alcohol consumption by the elderly

� There is likely to be an increase in fire risk associated with mental health and
neurological conditions (particularly dementia)

Overall, this would appear to suggest that fire prevention strategies for Mersey-
side should increasingly target the elderly, the disabled and those with mental
health and neurological conditions. The trends in fire risk for the elderly and
those with those with a long-term health problem or disability have been high-
lighted previously. The likely increase in fire risk associated with dementia has
perhaps been less highlighted, possibly due to the lack of data recorded for fire
instances related to dementia. The decrease in fire risk related to alcohol con-
sumption is perhaps more surprising, given that globally alcohol consumption
rates are predicted to increase.

4.6. Addressing Population and Life-style Trends in Fire Safety Building
Codes and Public Regulations

In addition to fire prevention activities by fire and rescue services it is also impor-
tant to consider how trends in population and life-style might impact fire safety
building codes and public regulations concerned with safety of life and evacuation
in particular (especially as regards self-rescue and impairment). Future fire safety
designs for buildings would need to better anticipate the needs of an ageing popu-
lation, for example having more evacuation lifts in high-rise buildings in areas
with a higher proportion of elderly residents. In addition, the fire inspection
approaches adopted by fire and rescue services might need to be revised in order
to consider the impact of greater numbers of elderly individuals in the different
types of buildings inspected.

5. Conclusions

Changes in the relative proportions of different population segments, trends in
population behaviours and lifestyles, and trends in health and social care for the
most vulnerable in society may all impact upon fire risk. In this paper we have
examined the impact of population trends upon fire risk. This has been used to
assess the likely impact of population changes upon fire risk within Merseyside,
and inform strategies for adapting fire prevention approaches, in terms of poten-
tial changes required to the targeting of fire prevention activities. This is required
in order to appropriately address the changing nature of fire risk associated with
projected population changes and trends.

The examination assessed the likely population changes in terms of age profiles,
and living alone. It then assessed the likely changes in population lifestyles and
behaviours associated with fire risk, such as smoking and alcohol consumption. It
then assessed the likely changes in the circumstances of the most vulnerable, such
as those with a disability or mental health issues. The examination finally involved
analysis of how the predicted changes or historical trends in population character-
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istics were likely to affect fire risk based upon historical and current levels of fire
incidences associated with the different population characteristics.

Previous research has indicated that individuals who are older, disabled or men-
tally handicapped are more susceptible to fatality or injury in a fire. With declin-
ing birth rates and ageing populations, there is an increased exposure of
vulnerable individuals to fire risk. In this article we have proposed an approach
for fire and rescue services to use the limited population data typically available
(for example the detailed UK census data is only available every 10 years) to
determine what future population estimates are available, and what historical pop-
ulation trend data are available to assist in determining what the future popula-
tion of an area might be. From that it is then possible to determine, from the
known groups of individuals that are vulnerable to fire risk in the area concerned,
whether that group of vulnerable individuals is likely to increase, decrease or
remain the same in size or proportion, which can then inform future fire preven-
tion strategies. Although actual correlation coefficients could not be estimated
between the historical (and predicted) population changes and fire incidences, inju-
ries and fatalities, given the limitations on the data available, the research pre-
sented in this paper adds to the body of knowledge in this area by demonstrating
how from a variety of sources, historical and predicted population trends can be
compared to fire risks associated with known at-risk groups in order to determine
how the risk associated with such groups is likely to change over time. Overall,
the research undertaken indicated that fire prevention strategies for Merseyside
should increasingly target the elderly, the disabled and those with mental health
and neurological conditions, since these are all likely to be increasing populations
with a high level of vulnerability to fire incidents. This would be relevant to other
fire and rescue services worldwide that have similar population trends that could
impact fire risks.

For any fire and rescue service it is important to understand how future popula-
tion changes may impact fire risk. In this paper this has been addressed via a sys-
tematic approach that could be used by any fire and rescue service to analyze the
fire risks associated with different population segments, analyze trends in popula-
tion lifestyles and behaviors associated with fire risk, analyze population trends in
vulnerable groups, analyze the nature of the population trends, and the impact
that such trends may have on the levels of fire risk for different groups in the
community.

It is important, when discussing risk levels, to be careful not to make complex
assumptions regarding risk, and the nature of the layering of risks and exposures.
For example, the risk level of individuals who smoke, drink excessively, and are
vulnerable can be difficult to estimate, given that data is simply not available for
individuals or groups across risk factors. In addition, whilst smoking and alcohol
consumption is reducing there could be differences between those who have quit
smoking and reduced alcohol consumption and those who continue, meaning that
the fire risks associated with smoking and alcohol consumption may not follow
parallel trends.
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The originality of the research reported in this paper is the detailed examination
of the likely impact of population trends upon fire risk within an area. This
research can be applied in the UK and elsewhere by examining similar trends in
population group changes, lifestyle and behaviour changes, and changes in the cir-
cumstances of the most vulnerable groups. Different trends may be applicable to
other countries, for example in countries with a higher incidence of wildfires than
the UK. Future work would be useful to compare the findings of this research to
other regions, or countries, and to consider future trends such as the impact of
drugs with regard to fire risk in different regions and countries.
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Appendix

See Fig. 9

Figure 9. Population trends and fire prevention methodology.
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