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Preface

This anthology aims to give a comprehensive overview of deaths and injuries from 
residential fires and evidence-based approaches to reducing this problem. We 
believe that the residential area  – where most fire-related fatalities and injuries 
occur – has not received the attention it merits compared to larger-scale fire events. 
Even if there are many specific papers and reports available on the topic, a compre-
hensive textbook in the area was still lacking.

Between 2013 and 2018, the Swedish Civil Contingencies Agency, MSB, funded 
a substantial research effort on residential fires that resulted in new knowledge, not 
least on deaths and injuries from these fires. The Swedish Fire Research Foundation, 
Brandforsk, coordinated this work. When looking at the many new research find-
ings, it was natural to come to the conclusion that these, together with results from 
published international research, deserved to be made more widely available.

Although many of the authors are Swedish, we believe that most of the findings 
are generically valid and applicable to other Western countries and regions. The 
connection to previously published scientific papers in the chapters, together with 
the peer-review process that all chapters have undergone, should guarantee this.

We hope this book will serve as a textbook for education at both universities and 
fire service schools. It also aims to be an accessible guideline for practitioners from 
different disciplines – fire, health, social, and policy sciences – as well as for differ-
ent professional actors affecting the residential fire safety, such as authorities, stan-
dardization organizations, and insurance companies.

The interdisciplinary approach, where the authors represent broad expertise from 
different disciplines such as fire protection engineering, public health science, med-
icine, psychology, and policy sciences, is believed to be unique. Based on research 
and practice on the different aspects, the book summarizes the current level of 
knowledge, and some practical examples, giving guidance concerning preventive 
efforts and future research. Traditional textbooks on fire protection tend to describe 
the problem as mainly technical, whereas it rather should be seen as a problem of 
human vulnerability.
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We hope that this book can serve as one small but important step to reduce fur-
ther the number of individuals injured by fire in the place that should be the safest – 
their home.

 

Lund, Sweden  Marcus Runefors
Karlstad, Sweden  Ragnar Andersson
 Stockholm, Sweden  Mattias Delin
Stockholm, Sweden  Thomas Gell

Preface
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Chapter 1
Fire-Related Mortality from a Global 
Perspective

Syed Moniruzzaman

Abstract Fire-related injury mortality is a major global public health concern. 
Although fire-related injuries are considered largely preventable, this category of 
injuries is still assumed responsible for more than 120,000 global deaths annually. 
This chapter presents the global fire-related injury mortality by demographic, geo-
graphic, economic, and temporal distributions. The problem with data limitations is 
also highlighted. The mortality rates are higher among the elderly population in 
most regions, with some exceptions in individual countries. Globally, women are 
overrepresented in fire-related mortality. When reviewing fire-related mortality by 
geographic regions and national income, the rates are generally higher in sub- 
Saharan African and Eastern European regions, as well as in low-income regions 
and countries with lower sociodemographic index. From 1990 to 2017, global fire- 
related mortality decreased by 46%, with large disparities across countries and 
regions. A standardized data reporting system and reliable national data collection 
procedures are needed to monitor global fire-related mortality adequately.

Keywords Fire · Burns · Mortality · Geography · Income · Global burden 
of disease
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1  Introduction

The human relationship with fire dates back to ancient times. Just as controlling fire 
has been vital for human civilisation and development, fire has also brought devas-
tation and damage to human life. Despite technological progresses and advance-
ments in rescue and health services, fire-related events are still causing many human 
deaths every year and remain threatening human health, safety, and well-being.

An accurate picture of the global fire-related mortality does not yet exist due to 
incomplete and inconsistent reporting systems in many countries, especially in 
poorer countries [1, 2]. Two major sources are generally available for international 
comparisons, data reported to the International Association of Fire and Rescue 
Services (CTIF) from national fire and rescue services agencies and data reported 
through the national cause of death records to the World Health Organization 
(WHO). Of these, the latter source is by far more complete and consistent since the 
reporting is coordinated and reviewed by the WHO and based on a uniform and 
internationally adopted classification system, the International Classification of 
Diseases (ICD).

The ICD classification separates fire-related deaths into three major categories: 
deaths due to unintentional fires, deaths due to fires deliberately ignited for the pur-
pose of suicide, and finally, deaths due to fires deliberately ignited for the purpose 
of homicide. The medical cause of death from fire is usually burn or intoxication, 
but sometimes also mechanical in case of jumps/falls, collapsing structures, and the 
like. Mechanical causes are not always identified as associated with fires, and deaths 
from intentional fires are sometimes confused with unintentional cases due to inac-
curate national autopsy procedures and forensic quality control [3]. These sources 
of error must all be taken into consideration when assessing the global fire-related 
mortality.

Based on WHO data, the Global Burden of Disease (GBD) study provides regu-
lar updates on the leading causes of death and disability worldwide [4, 5]. According 
to GBD, more than 120,000 people died from “Fire, heat and hot substances”, in 
2017. This number includes burn-related deaths from other causes than fire such as 
scalding and electrical injuries and excludes deaths from intentional fires (suicide 
and homicide). While these uncertainties exist, the assessment of around 120,000 
global death toll annually from fire is, unfortunately, the best available estimate 
from the published literature at the current stage. National evidence from a handful 
of countries, including Finland, Sweden, Kuwait, the UK, and the USA, suggest that 
the mortality from burns other than fire-related is comparatively low [6–10], just 
like mortality from intentional fires (Fig. 1.1).

While this might be true at the global level, considerable deviations may exist in 
single countries. For example, in India, representing 17% of the global population, 
Bhalla and Sanghavi [11] disclosed a considerable underestimation of the true num-
ber of fire-related homicides in women.

Given that deaths covered under the category “Fire, heat and hot substances” can 
be accepted as a reasonable indicator of the true number of fire-related deaths, this 
chapter intends to present the global fire-related mortality by demographic, geo-
graphic, economic, and temporal distributions.

S. Moniruzzaman
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Fig. 1.1 Venn-diagram illustrating different types of fire/burn deaths

2  Fire-Related Mortality by Demography

The demography of fire-related mortality is a crucial aspect of fire safety since set-
ting a successful fire prevention program presupposes the identification of vulnera-
ble groups. Available reports show that global mortality rates of this category vary 
strongly between ages. In 2000, the mortality rates due to unintentional fire-related 
injury (here defined as flame burns and respiratory insult due to smoke inhalation) 
per 100,000 ranged from 2.5 in 5–14 years old to 12.5 in 80 years old and above 
[12]. Elevated rates were seen in the youngest children’s group of 0–4 years old (6.6 
per 100,000) and the elderly over 70 years of age (6.9 per 100,000) [12]. In 2013, 
the mortality rate due to fire, heat, and hot substances for children aged 1–14 years 
was 2.5 per 100,000 across 103 countries [13].

Elevated death rates in young children and the elderly are also seen in single 
regions. For example, in the European region, older adults are at excessive risk of 
dying from fatal fires [14, 15]. At the same time, fire-related mortality rates in the 
elderly over 75 years broadly vary between EU countries for the period 2005–2014 
[16], with the highest in Latvia for both sexes (for males 19.9 and females 12.8 per 
100,000) and lowest in Iceland for males and Malta for females, with no deaths 
recorded. This general age-specific pattern may differ significantly in other single 
countries [17, 18]. For example, in Cameroon, children under 10 years of age and 
the adult age group 21–40 years old shared the highest percentage of deaths due to 
fire, heat, and hot substances in a hospital burn study during 2008–2015 [18]. In an 
Indian study, an estimated 89% of people who die due to intentional and accidental 
fire and flames and electrocution were between 10 and 49 years old. The highest 
number is between 30 and 39  years  – the lowest share of deaths among the 
elderly [17].

Generally, global mortality due to unintentional injury (all causes) is highly 
male-dominant (almost 2:1) [5]. However, this male-female disparity is less evident 

1 Fire-Related Mortality from a Global Perspective
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in fire-related injury mortality. In 2016, according to the WHO estimate, females 
had a higher number of deaths due to fire, heat, and hot substances than males on the 
world average, with a comparatively higher proportion in the South Asian region 
[5]. In 2004, globally, girls under 20 years of age had higher mortality due to fire, 
heat, and hot substances (4.9 per 100,000) than boys (3.0 per 100,000) [19], with the 
most significant disparities found in infants and adolescents 15–19 and in the South- 
Asian region.

In India, females share 65% of fire-related deaths, most of them aged 15–34 years 
[20]. In another study in India, this male-female ratio of deaths was 1:7, with 23.7% 
of victims being of child-bearing age [17]. Women’s household activities combined 
with traditional cooking methods over open fire, unsafe cooking stoves, and often 
loose-fitting clothing might explain this higher share of young women's fire-related 
deaths in South Asian countries [17, 21]. Females in some countries in the Middle 
Eastern region, e.g., Iraq, Iran, and The United Estate of Arab Emirates (UAE), also 
experience higher fire-related mortality than males [5]. In the UAE, women mortal-
ity rates due to fire-related injuries are three times higher than men. On the other 
hand, males generally have higher fire-related mortality rates in Africa, the Americas, 
Europe, and the Western Pacific regions.

3  Fire-Related Mortality by Geographic Distribution

The number of people who die from fire, heat, and hot substances also varies by 
global regions and countries [4]. In 2017, mortality rates due to fire, heat, and hot 
substances were higher (around 4 per 100,000) in Sub-Saharan Africa and Eastern 
Europe compared to other global regions (Fig. 1.2). The rates were close to 3 per 
100,000 population in Central Asia and generally lower in other regions. For exam-
ple, in Latin American and Caribbean countries – all with age-standardized death 
rate (ASDR) close to 1 per 100,000 population and Western Europe and Southeast 
Asia, East Asia and Oceania less than 1 per 100,000 population. In Asia and the 
Pacific region, the highest rates were seen in the Philippines (0.9 per 100,000) and 
the lowest in Singapore (0.1 per 100,000). In North American countries – all with 
close to 1 per 100 000 population in the region. The rates were 0.9 and 1.2 per 
100,000 population in Canada and the USA, respectively.

In Europe, the former Soviet region generally has the highest fire mortality rates. 
In 2017, five out of the top 10 ranked countries with mortality rates due to fire, heat, 
and hot substances represent former Soviet countries (Belarus: 4.6; Latvia: 4.1; 
Russian Federation: 3.6; Ukraine: 3.3, and Estonia: 2.9 per 100,000 population) [4]. 
In the same year, the mortality rates mainly were low in Western European countries 
(0.6 per 100,000), followed by Central Europe (1 per 100,000). Most of the fatal fire 
cases in European countries happen in the home environment. Similarly, according 
to CTIF, most fires and fire-related injuries (fatal and nonfatal) occur in the home 
environment as well [22].

S. Moniruzzaman
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Fig. 1.2 Age-standardized death rates (ASDR) per 100,000 due to fire, heat, and hot substances 
and uncertainty interval by major WHO regions and subregions. (Data source: James, S.L., 
et al. [4])

In the global country list, in 2017, ASDR (per 100,000) due to fire, heat, and hot 
substances were lowest in Singapore: 0.2; Slovenia and Switzerland: 0.3; Colombia, 
Australia and New Zealand: 0.4, and highest in Lesotho: 7.2; Zimbabwe: 6.6; South 
Sudan: 6.5; Central African Republic: 5.3; and Burundi: 5.2 [4].

4  Fire-Related Mortality by Income Distribution

Economic development, often measured by income per capita, is regarded as “the 
best single indicator of living standards in a country” [23]. Like most unintentional 
injury causes, fire-related mortality rates are higher in lower-income countries and 
lower in higher-income countries. Globally, the association between income per 
capita measured by the gross domestic product (GDP) and fire-related mortality 
rates was found to be negatively correlated (r = −0.26) [24]. When this relationship 
was examined in detail for middle-income countries (MICs) and high-income coun-
tries (HICs) separately, the associations were found inverse for MICs, which means 
that there is a tendency towards increasing trends in this segment by increasing 
income [25].

1 Fire-Related Mortality from a Global Perspective
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ASDR data due to fire, heat, and hot substances are also available by 
Sociodemographic Index (SDI)1 by combining income per capita, educational 
attainment and fertility rates [4]. Fire-related deaths generally decrease with higher 
SDI (Fig. 1.3). However, an individual country’s rate can deviate remarkably from 
the average for a specific economic country grouping.

5  Changing Historical Trends

The mortality rates due to fire, heat, and hot substances have fallen gradually over 
the last decades in most countries. From 1990 to 2017, global mortality has 
decreased by 46.6% in age-standardized rates [4], and this declining tendency is 
highest in higher sociodemographic country groupings. In Fig.  1.4, ASDRs are 
shown for the countries that have experienced the lowest relative mortality changes 
(bars in light blue) and highest relative mortality changes (bars in dark blue), plus 
the few countries that had increasing changes (bars in red). The rest of the countries 
appeared between these two extremes. According to a report on the Swedish fire and 
flame mortality in an international comparison [25], mortality rates in high-income 
countries declined between 1985 and 2012 – except for the Baltic countries Estonia, 
Latvia and Lithuania, where peaking trends up to 14 per 100,000 were seen between 
1991 and 1997 followed by declining trends. Among Nordic countries, Denmark, 
Finland, Norway and Sweden, the rates at the beginning of the period were below 2 
per 100,000 and fell further below 1 per 100,000 at the end of the period. The rates 
per 100,000 fell below 1 in 1991 in the UK and in 2003 in Ireland. The rates were 
under 1 per 100,000 for France and Germany during the period. A recent study by 
Winberg [26] using the World Fire Statistics reports of the International Association 
of Fire and Rescue Services confirms steady declining trends of deaths due to fire 
and flames in Estonia, Germany, Great Britain, Latvia, Russia, and the USA, 
since 2002.

Especially, fire and burns mortality among children and adults have shown sig-
nificant improvement in most HICs over the last decades [28–31]. This improve-
ment in younger ages explains the key part of total mortality improvement and 
results in increasing skewness toward the elderly population, such as in Sweden 
[30]. In a US study, Pereira et al. showed a consistent improvement in mortality 
rates, except for older women 65–92 years between the two periods of 1989–1999 
and 2000–2004 [32]. Similarly, substantial improvements were observed in survival 
rates of burn patients under 75 years during a study period of 20 years (1977–1996), 
but not in patients of 75 years and above [33]. It is predicted that the population 
older than 65 may increase by close to 1.5 times within the next three decades in 
HICs [34]. This demographic shift may accelerate the problem with fire-related 
deaths in the elderly further.

1 SDI – a composite scale of the rankings and averaging the income per capita, educational attain-
ment and fertility rates, expressed 0 to 1. This measure is developed and used by the Global Burden 
of Disease (GBD) researchers.

S. Moniruzzaman
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6  Discussion and Conclusions

As stated initially, the international literature on fire-related mortality suffers from 
several limitations, such as confusion with other causes of burns, lacking coverage 
of mortality from both unintentional and intentional fires, and data validity prob-
lems due to weak data collection and reporting systems in many countries. 
Considering those limitations, this overview attempts to depict broader patterns and 
trends characterizing the global mortality from fires. These include:

• Declining trends have been reported all over the world with very few exceptions. 
The decline seems to follow generally improved living conditions as measured 
by GDP per capita and SDI.  Peaking rates in some countries in Central and 
Eastern Europe coincided with socioeconomic strain in the 1990s and are since 
then declining.

• Small children and the elderly are at elevated risk, with an ongoing transition 
over time towards the elderly as the risk in early childhood seems to decline 
faster in children than in other age groups. In richer countries, the elderly now 
stands out as the most significant risk group, which demands adequate attention 
to prevent excess fire-related deaths in the future.

• Women are more at risk than men globally, due to significant overrepresentation 
in some countries in South Asia and the Middle East.

• Most fires and fire-related deaths and injuries occur in the home environment.

The generally weak and premature state of the international research in fire 
safety with regard to mortality and morbidity raises a number of challenges for 
future fire safety research. First of all, improved data collection and reporting sys-
tems are needed, based on internationally agreed classifications and procedures 
under the auspices of relevant organizations such as the WHO and CTIF. All pat-
terns and trends identified above need to be confirmed in new studies based on more 
accurate and valid data. Secondly, new research questions need deeper analysis, 
such as why women are at excessive risk of dying from fire in certain countries and 
regions, and to what degree lifestyle factors like smoking and alcohol consumption 
contribute to the international patterns and trends identified.
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Chapter 2
Fire Fatalities and Fatal Fires – Risk 
Factors and Risk Groups

Anders Jonsson, Colin McIntyre, and Marcus Runefors

Abstract Knowledge of the relevant risk factors is a prerequisite for effective strat-
egies to prevent fatal residential fires. The aim of this chapter is to present the most 
important known risk factors for residential fire fatalities.

This review of the literature concentrates on various characteristics of the indi-
viduals and households experiencing fatal residential fires. We have chosen not to 
include various types of fire safety measures in this review, such as smoke alarms, 
fire extinguishers, or mobile sprinklers, as these are the subject of another chapter.

The literature studied provides a reasonably consistent picture of several basic 
risk factors for death in a residential fire. With respect to age, the oldest have the 
highest risk. Among children, it is the youngest who have the highest risk. In all age 
groups, men are at greater risk than women. Smoking and alcohol have a large effect 
on risk. Certain socio-demographic factors are clearly associated with higher risk, 
such as living alone, having a low income, or being unemployed. In addition, indi-
viduals with functional limitations are at greater risk than others. These risk factors 
have been observed to hold true over an extended period of time in several coun-
tries, despite a gradual decrease in the mortality rate from residential fires in the last 
decades.

We note that much of the research on risk factors is relatively old, and many stud-
ies are of a descriptive nature. It is clear that many of the risk factors identified in 
the research are correlated. It is desirable that future studies take more account of 
covariation between the various risk factors and control for confounding factors. In 
addition, large-scale population-based case-control or cohort studies have the poten-
tial to provide a deeper understanding of risk factors for residential fire fatalities.
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1  Introduction

Knowledge about risk factors plays a central role when formulating a fire safety 
strategy or designing a specific intervention to improve fire safety. The objective of 
such interventions may be to avoid fires by reducing the likelihood of a fire occur-
ring in the first place, or to reduce the likelihood of an initial fire leading to serious 
outcomes such as a fatality. An understanding of risk factors will make it more 
likely that an intervention will be effective in fulfilling either of these objectives.

The aim of this chapter is to present current knowledge on risk factors for dying 
in a residential fire. Results from various research studies are presented, together 
with analysis in the form of reports from the fire authorities.

It would have been desirable to conduct a systematic review of all available lit-
erature, but there are some drawbacks to such an approach. Systematic reviews 
often have a high bar for academic rigour, with only a small selection of work being 
included. Important factors can be missed by this approach. However, research into 
risk factors has been ongoing for fifty years, so if the selection criteria are relaxed, 
then it is easy to end up with too much material to analyse.

This chapter is based on a more pragmatic approach. We make no claim to pro-
vide a comprehensive list of all the risk factors for death in a residential fire, but our 
intention is to include the most important factors identified over the last fifty years. 
We focus on the United States, Canada, Australia, New Zealand, the United 
Kingdom, and Scandinavia, as most of the published research comes from these 
countries.

A majority of research on risk factors with regard to residential fires has focused 
on fire death, in part perhaps because this is a well-defined fire outcome with a man-
ageable number of cases to study. In addition, data are more readily available, since 
the police and medical authorities pay particular attention to these events, ascertain-
ing the circumstances that lead to the fire and the cause of death.

Both early research [1] and research in recent years [2] have shown that there are 
significant differences between characteristics of the fires and the victims when dif-
ferent levels of residential fire outcomes are studied: death, non-fatal injury, and 
property damage. This would seem to indicate that there are different risk factors at 
play for the different fire outcomes. There are sufficient differences to warrant cau-
tion in assuming that fatal fires form part of the same spectrum as other fire 
outcomes.

This chapter focuses on risk factors for fatal residential fires, and it is important 
for the reader to note that a risk factor for one particular fire outcome will not neces-
sarily hold true for other outcomes. There is more to read about these differences in 
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Chap. 3. Non-fatal Fires – The Injury pyramid, Socio-demographic Gradients and 
Protective factors.

2  Terminology

Most people have an intuitive understanding of what is meant by “risk factor”. 
However, before proceeding with the main content of the chapter, it is worth defin-
ing some of the most important terms used in relation to risk factors.

A risk factor is any factor that precedes and is associated with a higher likelihood 
of a negative outcome (in our case, death due to a residential fire). Conversely, a 
protective factor is a characteristic associated with a lower likelihood of a negative 
outcome or an impact reduction of a risk factor. In many cases, a risk factor is the 
opposite of the protective factor. For example, while having a functional smoke 
alarm can be a protective factor, not having one can be a risk factor.

Some risk factors are fixed, which means that they cannot be manipulated and 
will not change over time. This type of risk factor is termed a fixed marker or risk 
indicator. Sex and race are examples of fixed markers.

Other risk factors are considered variable and can change over time. There are 
two types of variable risk factors. Those that when manipulated, change the proba-
bility of the outcome (causal risk factor) and those that do not change the probabil-
ity of the outcome (variable marker). To reduce the incidence of the outcome of 
interest, interventions must focus on causal risk factors. Further, the focus should 
generally be on the causal risk factors having the greatest impact on their target 
population. The correlation between a causal risk factor and an outcome must not 
only be statistically significant but also be expected to produce a meaningful reduc-
tion in the outcome of interest. This does not mean that risk factors other than causal 
risk factors are of no interest. On the contrary, they are very useful, for example 
when identifying high-risk populations for prevention. However, changing them 
will not reduce the incidence of the negative outcome.

In order to ascertain whether a certain variable is a risk factor or not, the outcome 
must be related to something. If we, for example, want to study the factor sex, fatali-
ties among men must be related to the number of men in the population under study, 
and this rate must be compared to fatalities among women in relation to the number 
of women in the population. These rates are compared for men and women to see if 
sex would appear to affect an individual’s risk.

It is most common to search for risk factors related to individuals, but risk factors 
can also concern other subjects such as households, fires, or geographical areas. It 
is important to point out that risk factors are specific to their subject. For example, 
a relationship observed for a geographical area does not necessarily hold true for a 
particular individual living in that area. This common pitfall is called the ecological 
fallacy: an incorrect assumption about an individual based on aggregate data for 
a group.

2 Fire Fatalities and Fatal Fires – Risk Factors and Risk Groups
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Studies on risk factors often use the term risk group. Risk groups are used to 
describe individuals sharing traits that increase their probability of dying in a resi-
dential fire (or households with traits that increase their probability of being the 
scene of a fatal fire). One or more risk factors are used to divide the subjects into 
high-risk and low-risk groups.

Many studies of fire outcomes consider various circumstances without analysing 
them in relation to a relevant comparator. For example, there are many studies where 
it is observed that a large proportion of fatalities have a high level of alcohol in the 
blood. It is difficult to translate these observations into risk factors since we often 
lack a control group in the form of similar data for individuals not dying in fires. 
Circumstances which are observed often hold true but, without a clear indication of 
overrepresentation, are sometimes called main characteristics.

3  Delimitation

Many studies have shown that having a working smoke alarm in the home is associ-
ated with a lower fatality rate [3]. It has also been shown that smoke alarms are not 
evenly distributed across all households, and that households where fatal fires take 
place are less likely to have functional smoke alarms than households with reported 
fires or average households [4–6]. These observations indicate how important it is 
to continue the work of ensuring that more homes are protected by smoke alarms 
and also to understand in which situations a functional smoke alarm will not in itself 
be enough to avoid serious injury or death. However, we have chosen not to include 
various types of fire safety measures in this review (such as functional smoke alarm, 
fire extinguisher, or mobile sprinkler), even though not having them can be regarded 
as a risk factor. We refer the reader to the second part of this anthology, which goes 
into some detail about protective measures in the home.

4  Early Research

Residential fire research gained momentum in the 1970s in the wake of the report 
“America burning” from 1973 [7]. The report called for more emphasis on fire pre-
vention and research to inform fire safety strategies. The background to the report 
was the Fire Research and Safety Act of 1968, which came in response to the marked 
increase in fire losses observed in the United States at the time.

Regarding fire deaths, early studies in the United States [8, 9] showed that the 
majority of fatalities occurred in residential fires. Toxic gases were identified as the 
primary cause of death, with carbon monoxide as an asphyxiant. Cigarettes were 
identified as a principal ignition source and alcohol was a significant contributory 
factor (particularly among men from 40 to 60 years of age). When comparing fatal 
fires with fires causing non-fatal injuries, it was noted that smoking was more 
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prevalent as the cause for fatal fires, and that the highest proportion of deaths to total 
fire victims occurred in the younger and older age groups [1].

At about the same time, fire deaths were studied in Glasgow, Scotland [10–12] 
and the study was subsequently extended to cover the whole of the United Kingdom 
[13]. Most of the deaths occurred in residential fires in which the fires were restricted 
to the room or area of origin. The fatal fires occurred more often during the winter 
and at weekends. Old people were particularly vulnerable in these fires. Alcohol 
was identified as a factor across the United Kingdom in general, and this was par-
ticularly apparent in Glasgow.

At around this time, there was also an increased interest in the fire problem 
across the Nordic countries. In Sweden, a governmental investigation and a research 
paper [14, 15] called for improved statistical data and more research. Two studies in 
Denmark [16, 17] showed that fire deaths caused by smoking were a serious prob-
lem, particularly in nursing homes or settings where social problems, psychiatric 
disorders, or alcohol abuse were present.

These early studies were mostly exploratory and descriptive in nature. They were 
most often carried out by medical doctors and few went beyond the collection of 
vital statistics. However, one important observation from this early research was 
that fire deaths were clearly not randomly distributed in the population.

5  Age and Sex

Age and sex are the most commonly investigated risk factors for death in residential 
fires [18, 19]. Datasets for fire fatalities almost always include age and sex. Most 
countries produce high quality vital statistics for comparison, making, for example, 
cross-sectional studies easy to perform. Early research identified young children 
and elderly people as those most at risk, and also noted the over-representation of 
males in all age groups [8]. The disproportionate percentage of fire victims in the 
youngest and oldest age groups has been shown repeatedly over the years and in 
many different countries [20–23].

The long-term trend in fire fatality rates (deaths per million people) and in abso-
lute numbers has been declining in most countries for many decades [24, 25] with 
the greatest reduction being observed among children [26]. In the United States, the 
youngest group (0–4 years) has gone from having a higher frequency of fire deaths 
than expected to now lying below the average for the general population [20].

It is clear that few small children die in residential fires in the countries studied. 
However, children up to four years of age have an elevated risk of fire death when 
compared to older children (aged 5–14). Several factors make small children more 
exposed to fatal fires. Playing with fire is a common cause for fires involving chil-
dren [27–29]. They also lack an understanding of the dangers associated with fire 
and often lack the capability to escape from a fire. Small children are often reliant 
on parents or other older individuals for their safety if a fire starts in a home.

2 Fire Fatalities and Fatal Fires – Risk Factors and Risk Groups
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Several socio-demographic factors have been shown to be related to child mor-
tality in residential fires. One study showed that substandard housing and over-
crowding are associated with an increased fire mortality rate among children [30]. 
Another study showed that lower educational attainment of the mother, younger age 
of the child, and more children in the household all increased the risk of fire death 
for children [31]. In Philadelphia, USA, census tracts with low income levels, high 
proportions of households with single parents, and a higher proportion of housing 
built before 1939 were linked to higher levels of child mortality in fires [32]. In 
Ontario, Canada, children from families receiving help from the Children’s Aid 
Society had a substantially higher risk of dying in a fire [28].

One study showed that smoke alarm functionality in fires involving child fatali-
ties was low [28]. It has also been shown that smoke alarms do not seem to provide 
effectively protection against death or injury in fires caused by children playing with 
fire [27].

It is probable that the relationship between socio-demographic factors and child 
fire mortality is largely due to environmental factors and the behaviour of adults. A 
Scottish study showed that deaths among children were largely the direct result of 
the actions of an adult, with smoking and alcohol playing an important role [33].

The risk of death is highest among the oldest individuals (85 and older). However, 
excess risk in relation to the general population occurs already at fifty (relative risk 
>1). Impaired movement, hearing, and smell together with slower reactions and 
memory problems are all presumed to increase the risk of the elderly. It has also 
been observed that they have a lower prevalence of smoke alarms. One review study 
[34] points out that there are both medical and biological factors which can influ-
ence their risk. Existing illness associated with old age can increase the risk of death 
among the elderly, for example heart disease dramatically increases vulnerability to 
carbon monoxide, and presumably also other suffocating gases.

One risk factor which is less pronounced among the elderly is the consumption 
of alcohol. When compared with younger fatalities, the elderly were significant less 
likely to have alcohol detected in their blood [35, 36].

Many studies have shown that males are at higher risk of death from residential 
fires than females. This is true for all age groups, but is particularly pronounced in 
the middle-age population. It is unclear exactly what lies behind this observation. 
However, some explanations seem more likely than others. High consumption of 
alcohol is probably one. This dominance of male fatalities also applies when look-
ing at the absolute numbers, except for the oldest population due to there being so 
many more females than males in that age group.

Age and sex are risk markers rather than causal risk factors. However, an under-
standing of how, for example, fire causes and injury mechanisms differ by age and 
sex is important for identifying specific risk groups and the prevention strategies 
that are most appropriate for them [37].
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6  Smoking and Alcohol

Smoking and alcohol consumption are two lifestyle behaviours often observed to be 
associated with fire deaths [18, 19]. In several studies “smoking materials” is the 
leading known source of ignition in fatal residential fires [38]. Fires ignited by 
smoking more often result in a fatality than fires ignited by other means [39]. One 
study has shown that when comparing fires caused by smoking with fires ignited by 
other means, the victim was more often asleep, in the room of fire origin, intoxi-
cated by alcohol or psychotropic drugs or sedated, suffering from mental illness and 
was aged between 18 and 65. Considering the room of origin, smoking-related fatal 
fires more often started in a bedroom or living room [40]. Another study showed 
that smoking-related fatalities can be grouped into two very different types of fire 
scenario. The first mainly involves older women where the clothing is ignited (these 
often start in the kitchen), while the second involves mainly middle-aged men, often 
intoxicated, where the bed or couch is most likely ignited by the cigarette (these 
often occur in a bedroom or living room) [21].

As mentioned above, child’s play is a common cause in fires where young chil-
dren die. The heat source is often a cigarette lighter or matches and, since the avail-
ability of those can be expected to be higher in homes with smoking, smoking could 
be considered an indirect cause of many of those fire deaths [27].

Non-smokers may be at increased risk due to fire from the presence of smokers 
in their environment [41]. An American study observed that one out of four fatalities 
in smoking-material fires was not the smoker who started the fire [42]. This is in 
contrast to a recent Swedish study [43] which did not observe a similar phenomenon 
among fire victims, indicating that the threat posed by smokers to non-smokers in 
their surroundings is unclear at present, due to the limited number of studies.

At the ecological level, an American study has shown that death rates in residen-
tial fires are high in states with a high proportion of smokers, and this relationship 
holds true even when taking account of socio-economic factors such as education 
and median household income [44].

The association between alcohol intoxication and death in residential fire is also 
well-documented [45, 46]. Understanding the role played by alcohol seems essen-
tial when trying to determine why fire deaths occur. The consumption of alcohol is 
an obvious contributory factor that can influence the risk of death in many ways. 
Alcohol can play a direct role, for example if it causes someone to become uncon-
scious while smoking or fall asleep while cooking. Intoxication can also affect 
responsiveness to fire cues, preventing a victim from hearing or correctly interpret-
ing a fire alarm. The consumption of alcohol can also affect the effectiveness of 
escape measures. Being under the influence of alcohol might affect judgement, 
making a person less likely to avoid inherently dangerous situations that could give 
rise to burns. Alcohol can further affect a person’s balance, causing them to fall. 
There is some evidence that alcohol in the blood accelerates behavioural incapacita-
tion from toxic gases, such as carbon monoxide [45]. In addition, several studies 
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suggest that the probability of surviving serious burns is reduced for people with a 
history of alcohol abuse [45].

After a fire death, it is common for the blood alcohol content to be analysed in an 
autopsy. Several studies have observed a high proportion of adult victims testing 
positive for alcohol at the time of death. It is important to note the high level of 
intoxication in many of those testing positive for alcohol, one study estimating a 
mean value of 193.9 mg/dl [47].

It should be acknowledged that alcohol plays a role in more fires than those in 
which a victim tests positive for alcohol in the blood. It has been found that children 
and the very old account for 15% of the fatalities in alcohol-related fatal fires, with-
out themselves drinking alcohol [48].

It is also interesting to note the differences between various age groups in the 
proportion of fatal fire victims testing positive for alcohol. The elderly are signifi-
cantly less likely to have alcohol detected in their blood [46, 47, 49, 50]. The pro-
portion of males testing positive for alcohol is higher than that for females [46, 49].

The consumption of alcohol has been shown to be more common in fatal fires 
caused by smoking or cooking than in fatal fires with other causes. The association 
between smoking and alcohol consumption in fatal fires has been pointed out in 
several studies [46, 51–53].

7  Living Alone or Being Home Alone at the Time of the Fire

When comparing fatal fires with non-fatal fires, early studies showed that being 
home alone at the time of the fire increases the risk of death [52, 54]. A similar 
association was later found at the individual level for the circumstance of living 
alone, by comparing individuals dying in residential fires with randomly selected 
individuals matched on sex and age [55] or with survivors in residential fires [56]. 
There are also many descriptive studies that have observed high percentages of 
victims in fatal fires with the characteristic of living alone or being home alone at 
the time of the fire, for example in London [57].

It is logical that being alone at home increases the risk of dying in a fire. If more 
than one person is present then it will be more likely that the fire is discovered and 
put out, or that a successful evacuation can take place. This is even more important 
if the person is especially vulnerable in a residential fire, for example due to old age 
in combination with impaired vision, hearing, or mobility. A recent ecological 
country-level study on older people (75 years and above) in Europe showed that 
when the share of older people living alone increased by one percentage point, the 
fire-related mortality increased by 4% [58]. It should, however, be noted that a part 
of the correlation between living alone and the risk of fatal fires is likely to be due 
to correlations with other important risk factors such as age and high alcohol 
consumption.
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8  Socio-economic Factors

Low socio-economic status has been shown to be associated with an elevated risk of 
dying in a residential fire. Having low income [51, 55, 56], low educational attain-
ment [51, 55], and being unemployed [55, 56] would all appear to be associated 
with greater risk of death. In addition, residents of rented housing [54–56, 59] may 
be at increased risk.

Consistent results have been observed, regardless of whether it is fires, individu-
als, or households that are being studied, and what they are being compared to. For 
example, low socio-economic status is associated with increased risk when:

• Comparing fatal with non-fatal fires [54]
• Comparing individuals dying in residential fires with survivors [56]
• Randomly selected individuals are matched on sex and age [55]
• Comparing households [51, 59]

Similar relationships have been observed at the ecological level. Studies from the 
United States have shown that the fire fatality rates were highest in areas where 
property rental values were low [60] and that housing age, the prevalence of mobile 
homes, and the proportion of the population in rented accommodation all have sig-
nificant independent effects on fire death rates [61]. In New Zealand, the highest 
risk of death is observed in the most socio-economically deprived areas [62]. In 
England, fatal fire injury rates have been shown to increase with increasing levels of 
deprivation [63].

9  Race and Ethnicity

Studies in the United States report non-white populations to be at higher risk of both 
fatal and non-fatal injury, for both sexes and across all age groups [14]. In North 
Carolina, death rates for whites were one third of those for other races [64] and 
other US studies have shown that black individuals have a risk of fire death almost 
twice that of an individual of another race [39, 65].

However, the picture is far less clear when going beyond an analysis of crude 
death rates. For example, no association between race/ethnicity and fire fatalities 
was found when comparing victims with survivors from the same fire [47]. When 
comparing residential fire fatalities in Sweden with randomly selected controls 
matched on age and sex and taking socio-demographic factors into account, indi-
viduals born outside of Europe were found to have a lower risk [55].

Race and ethnicity are clearly associated with other factors that may have a 
greater impact on risk, for example socio-economic factors [66]. When large metro-
politan counties in United States were studied at the ecological level, a significant 
interaction between the proportion of the population that was African American and 
median family income was observed. Counties with a high proportion of African 
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Americans in combination with low median family income showed extremely high 
fire death rates, suggesting the relationship to be multiplicative rather than addi-
tive [61].

10  Urban Versus Rural Residence

Studies have shown that living in rural areas is associated with a higher risk of resi-
dential fire death [55, 67]. A relationship that persists despite taking account of age, 
sex, and various socio-demographic factors [55]. When looking for plausible expla-
nations, the longer response times of the emergency services in rural areas [68] and 
the lower presence of smoke detectors in fatal fires in rural locations [69] should be 
considered.

11  Functional Limitations

Physical and mental disabilities increase the risk of dying in a residential fire, mak-
ing these groups particularly vulnerable. In the United States, it has been estimated 
that physical disability was a factor in 15% of home fire deaths [70]. Other interna-
tional studies have also found that disability is a significant risk factor in uninten-
tional residential fires. At least 21% of the victims in London suffered some form of 
disability [57]. In Denmark, one-fifth of the victims received disablement pension 
and two thirds of those over 67 years of age were disabled [71]. A recent Norwegian 
study observed that those over 67 years of age had reduced mobility, impaired cog-
nition, and mental disorders as risk factors [23]. Fires where people with physical or 
mental disabilities were present were more likely to end up as a fatal fire [54]. At the 
individual level, when comparing people who died with survivors of the same resi-
dential fire, people with physical or cognitive disability have been shown to be at 
greater risk [48]. Another study compared survivors from residential fires where no 
one died with people who died in residential fires. This study showed that individu-
als who suffered some physical or mental illness or had some other pre-existing 
disability had a greater risk of dying in unintentional residential fires than those who 
did not [56]. Comparing residential fire fatalities with the general population 
matched on age and sex, no association could be observed between disability allow-
ance and the risk of dying, once socio-demographic factors were taken into 
account [55].

In a study from Victoria, Australia, the mentally ill were overrepresented among 
fire fatalities. The association with known risk factors was assessed and it was high-
lighted that the mentally ill were much more likely to have combined alcohol and 
drugs prior to their death and to have a history of careless smoking [72]. See Chap. 
5. The evacuation of people with functional limitations in residential fires for an 
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overview on the role of functional limitations on self-evacuation possibilities in the 
event of fire in a residential building.

12  Discussion

The aim of this chapter is to give an overview of risk factors for death in a residen-
tial fire. An understanding of risk factors is essential for effective measures to reduce 
fire deaths. In this review, we have focussed on factors concerning various charac-
teristics of the individuals and households experiencing fatal residential fires, in 
relation to relevant comparators, for example, those of the general population, 
households in general, or survivors of residential fires.

Many characteristics found to be associated with increased risk, such as age, sex, 
or ethnicity, are fixed and are not in themselves causal risk factors. However, knowl-
edge about these fixed markers is still very important, as it will assist fire prevention 
program developers in targeting interventions for those with the highest risk.

Being old, male, or living with some kind of physical or cognitive functional 
limitations are all factors that increase the risk of dying in a residential fire. Socio- 
demographic factors such as having a low income, low educational attainment, 
being unemployed, or living alone are also associated with a greater risk of death. 
Smoking and the consumption of alcohol are clearly two very important behav-
ioural risk factors. The earliest research into risk factors showed that a large propor-
tion of fatal fires were smoking-related and that many of those who died were under 
the influence of alcohol at the time of their death.

Several risk factors appear to be resistant to change, having been observed in 
early research and confirmed in more recent work. However, it should be remem-
bered that technological and social advances can mean that early research no longer 
holds true. Over the years, considerable improvements have been made in fire safety 
due to improved regulation and an increase in smoke alarm ownership. In several 
countries, there has also been a reduction in smoking among the general population.

It must also be remembered that a risk factor in one place and time cannot be 
automatically assumed to hold true in other settings. Most of the studies in this 
review have come from the United States, Canada, Australia, New Zealand, the 
United Kingdom, and Scandinavia. There are many differences between these coun-
tries, and it is not clear whether risk factors observed here will hold true in other 
countries.

Many of the risk factors identified in this review are correlated. For example, low 
socio-economic status has been shown to be associated with other risk factors, such 
as smoking and the consumption of alcohol. The correlations among risk factors 
make it difficult to isolate the effect that every individual factor has on the risk of 
death in a residential fire. Ideally, those responsible for risk-based targeting of fire 
safety interventions would have an understanding of individual factors and how 
they interact. However, at present the complexities are far from completely 
understood.
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13  Conclusions

The literature studied in the course of this review provides a reasonably consistent 
picture of several basic risk factors for death in a residential fire. For many fire 
safety practitioners, knowledge of these risk factors will be of help in designing 
effective fire safety interventions. However, at present the evidence is somewhat 
limited and a deeper understanding of risk factors would be beneficial. As pointed 
out in the introduction, many of the studies only go so far as to point out main char-
acteristics, where a more rigourous analysis of overrepresentation is needed to iden-
tify risk factors. It is also desirable that future studies take more account of 
covariation between the various risk factors and control for confounding factors. In 
addition, large-scale population-based case-control or cohort studies have the poten-
tial to provide a deeper understanding of risk factors for residential fire fatalities.
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Chapter 3
The Residential Fire Injury Pyramid

Finn Nilson

Abstract The injury pyramid is a commonly used model in order to illustrate the 
relationship between non-injurious events and fatal events, as well as the various 
injury-levels in-between. From a residential fire perspective, there is also the added 
aspect of whether fires are attended to or not. In practice, this means that the under-
standing of the residential fire problem is often understood merely from the per-
spective of fatal fires that are attended to by rescue services. However, as will be 
seen in this chapter, merely focusing on these incidents and the risk factors associ-
ated with these fires or victims produces a distinctly skew view of the residential fire 
problem. As such, it is important to attempt to assess and understand the entire resi-
dential fire injury pyramid.

Keywords Injury pyramid · Morbidity · Mortality · Non-fatal fires · Fatal fires · 
At-risk groups

1  Introduction

In terms of injury prevention, the concept of the injury pyramid has become well- 
established. While often used to illustrate the distribution of injuries, it has also 
come to function as a foundation to injury prevention interventions. Presented in 
1931, in the book Industrial Accident Prevention: A Scientific Approach by Herbert 
Heinrich [1], the injury pyramid was the result of studying more than 75,000 indus-
trial accidents. Heinrich’s conclusions from these investigations were threefold. 
First, he declared that in terms of severity, the relationship between accidents result-
ing in serious injuries, accidents resulting in minor injuries and accidents resulting 
in no injuries was a 1:29:300 ratio (see Fig. 3.1). Second, he declared that in terms 
of causes, 88% of incidents were caused by the unsafe acts of people, 10% were 
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Fig. 3.1 Schematic injury pyramids according to Herbert Heinrich [1] and Frank Bird [3]

Fig. 3.2 A schematic injury pyramid of residential fires and the injury outcome

caused by unsafe conditions and 2% were not preventable. Third, Heinrich indi-
cated that the causes of minor and major incidents are generally the same, stating 
that the repetition of non-injury incidents inevitably leads to major incidents [2].

Since the original claims, a number of authors (in particular within occupational 
and industrial safety) have continued to elaborate on Heinrich’s conclusions. In par-
ticular, the 1966 book Damage Control by Frank Bird elaborated on the thoughts of 
Heinrich and presented a new ratio of 1 major injury to 10 minor injuries to 30 
property damage to 600 non-injury incidents [3] (see Fig. 3.2). Also, in a later book 
Practical Loss Control Leadership, together with George Germain, the injury pyra-
mid was further reiterated as was the concept that by reporting, investigating and 
preventing near hits or minor incidents, the pyramid can be flattened and the number 
of serious incidents can be reduced [4].

The presumption that minor incidents are simply potentially major incidents that 
have been luckily or skilfully avoided (based on the assumption that a large majority 
of incidents are caused by the unsafe acts of individuals) presides also today, not 
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least within fire safety. It has been argued that “unreported fires are important to 
note in the estimation of total fire hazards as they could have developed into poten-
tially dangerous fires if they had not been detected or controlled early” [5]. Despite 
the empirical evidence suggesting that hindering minor incidents will not hinder 
major incidents, both researchers and practitioners continue to (incorrectly) claim 
that a systematic approach of hindering near-misses will not only have an effect on 
the base of the pyramid (i.e. minor incidents), but also the top of the pyramid [6]. 
Similarly, the opposite is true. Reducing, for example, the incidence of fatal residen-
tial fires by focusing on the underlying causes of these incidents will not necessarily 
have an effect on the incidence rates of residential fires in general.

However, although there are considerable problems associated with the concept 
of the injury pyramid, there are practical uses in terms of residential fires. First and 
foremost, presenting injury data in an injury pyramid can be an illustrative exercise 
when comparing different countries or different injury types. Second, following an 
injury pyramid over time can give valuable insights into the successes of preventa-
tive measures as well as injury severity levels where more work is required.1 Third 
(and ironically considering the original purpose of the injury pyramid), when com-
bining the numbers in the injury pyramid with background data, the injury pyramid 
can effectively illustrate the differences between the severity levels in terms of who 
is at most risk, where these incidents can occur, which types of fires are overrepre-
sented as well as differing contextual factors. As such, it is also possible to assess 
what potential effect different preventative measures will have on each level.

Despite the considerable problems with the original purpose and thinking behind 
the injury pyramid, this chapter aims to present a brief overview of the injury pyra-
mid for residential fires. Focus will predominantly be on the qualitative differences 
in the severity levels, in accordance with the reasoning above. Importantly, given the 
differences in global fire mortality, in particular regarding determining factors for 
fire-related injuries [8, 9], this chapter will focus on the injury pyramid from a high- 
income country perspective.

2  Residential Fires Not Attended to by Rescue Services

The base of an injury pyramid is often composed of near-misses or incidents with-
out injury. As such, the base of the pyramid regarding residential fires consists of 
residential fires that were extinguished without the need of help from rescue 
services.

Numerically, it is difficult to know exactly how regular such residential fires are 
given that no organisation has been present and therefore no registration has 
occurred. However, based on the results from a telephone interviews in the United 

1 N.b. in order for this to be possible it is important to have similar data collection procedures as 
well as taking into account changes in, for example, coding practices [7]
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States in 2004 [10], it is clear that this level in the injury pyramid is by far the larg-
est. According to the results, an estimated 7.2 million residential fires occur each 
year that are not attended to by rescue services and approximately 130,000 (usually 
minor) injuries are caused by these fires [11]. Importantly, compared to data from 
1984, when an estimated 23.7 million residential fires occurred annually, the num-
ber of residential fires seems to have decreased dramatically [12].

Given the difficulty in collecting data regarding these types of fires, a limited 
number of studies have investigated this dimension of residential fires. However, 
despite this, the results are surprisingly similar regarding the socio-demographic 
groups that have a higher risk. An increased risk has been observed in households 
with members under 18 years [10, 13–17], those with a high educational level [10, 
13–17], smokers [10, 13–16], those living in rented accommodation [10, 14], house-
holds with many family members [10, 16] and in immigrant households [17].

These results are in some senses surprising. Although individuals living in rented 
accommodation, smokers and ethnic minorities are known to have a high risk of 
fire-related mortality [18], high education as well as households with many family 
members and children have a distinctly lower risk for residential fire mortality [18–
20]. One potential explanation as to why households with several individuals, high 
educational level and children are overrepresented in the risk of residential fires yet 
underrepresented in fatal fires is the preventative measures that are taken by differ-
ent groups [21]. It is likely that in households with several individuals, high educa-
tional level and children, there is an increased chance of being alerted to a fire 
(either due to the presence of smoke alarms or simply due to the large number of 
individuals in the household) and the household having the equipment and training 
to handle the fire themselves.

While this may suggest that fatal fires are simply small fires that could have been 
stopped if the correct equipment had been in place, this would assume that the effec-
tiveness of the intervention was the same in all groups and that the fires were of the 
same type. In regard to the higher risk of fire in households with children, it is well- 
known that children in the 6–12 year age group (that are the largest child risk group 
[17]) are more likely to experiment with matches and candles due to a lack of under-
standing of the potential consequences, thereby causing fires, compared to older age 
groups [22]. However, in terms of fatal fires, candles are only known to be a risk 
factor for elderly, often disabled, individuals [23]. Also, when analysing the poten-
tial of implementing different safety interventions on fatal fires, it is clear that inter-
ventions such as fire-safe cigarettes and flame-retardant clothes, bedding or furniture 
would be highly effective in reducing the fatal fire risk for the group that now dies 
in residential fires [24]. However, this type of equipment is almost completely 
absent from the households of those who to a larger degree have smaller fires that 
are handled independently [17]. Likewise, the equipment that is prevalent in low- 
risk homes (such as smoke alarms and fire extinguishers) have relatively low poten-
tial effect on reducing the risk of fatal fires in high-risk homes [24].
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3  Non-fatal Fires Attended to by Rescue Services

The next stage in the injury pyramid is the level consisting of residential fires that 
the individual, or alternatively the individual’s social network, was unable to extin-
guish. I.e., fires where the help of rescue services was required and where the vic-
tims survived.

On a yearly basis, again using the United States as an example, rescue services 
attend to approximately 360,000 residential fires [11], i.e., approximately 5% of all 
residential fires. Although the number of rescue service attended fires, at least in 
some respects, increased during the 1990s [25], in similarity to the risk of fatal fires 
[26, 27], the number of fires attended to by rescue services has decreased consider-
ably during the last decades in Sweden, the United Kingdom and the United States 
[27–29]. Although this is obviously a positive development as it would suggest 
more fire-safe societies, there are also problems with such a development. For 
example, less residential fires means that rather than focusing on fires, a very large 
proportion of the rescue services’ calls are either “false alarms” or related to other 
societal safety issues, such as traffic-related incidents [28, 29]. As such, at least in 
the UK, the maintaining of full-time stations is increasingly questioned [28] which 
is problematic in itself considering the importance of time in hindering fatali-
ties [30].

In terms of comparisons, very few results exist regarding the differences between 
non-attended and attended residential fires or in relation to the general public. 
However, in general, smoke alarms seem to be more prevalent in homes that manage 
the fire themselves compared to those requiring help [31]. As such, this would indi-
cate that an important difference between non-attended and attended residential 
fires is the size of the fire given that a smoke alarm will notify inhabitants of a 
smaller fire. As noted above, socio-demographic differences in safety equipment are 
considerable [21]. Therefore, it is unsurprising that rescue services are more often 
called out to areas with higher rates of unemployment, economic deprivation, low 
education and high rates of ethnic minorities [32, 33].

In terms of comparisons between fires attended by rescue services and fatal fires, 
it is clear that some characteristics increase the probability of being rescued. First, 
the presence of others seems to be an important element in increasing survival. 
Previous studies have shown that living with others is a strong protective factor 
against fire-related mortality [34] and this is also shown in a comparison between 
non-fatal and fatal fires [35, 36]. Similarly, living in an apartment is also protective 
[27, 35, 37], most likely due to the increased possibility of a fire being noticed early 
on in the process, as shown by the fact that neighbours are the most common indi-
vidual to alert rescue services [35]. Combined with the fact that non-fatal fires are 
often attended to more quickly than fatal fires [35, 37], it is likely that the time from 
fire ignition to rescue is considerably shorter for non-fatal fires [37]. As such, urban 
dwellings are likely to increase the possibility of being rescued, a factor relatively 
unsurprising given the known increase in risk of fatal fires in rural locations [18, 
30, 38].
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The second factor visible in the published material is the physical and mental 
capabilities of the victim. Put simply, fires that occur in the homes of individuals 
who are under the influence of alcohol or drugs, have physical or mental disabilities 
or are of high age are considerably more likely to result in fatalities compared to 
those with the opposite characteristics [35, 37]. Interestingly, also circumstantial 
aspects that reduce the individual’s awareness and capabilities also severely affect 
the outcome. Most notably, if the victim is awake when a fire starts, the chance of 
survival is considerably greater, irrespective of whether there were functioning 
smoke alarms [36].

A third factor is the type of fire. Smoking-related fires are a considerable cause 
of fatal fires [23], despite the fact that smoking-related fires account for a relatively 
small number of attended residential fires [11]. However, in terms of electrical and 
cooking-related fires, these are considerably more common among non-fatal rescue 
service attended fires than in fatal fires [35, 36]. It would seem, therefore, that focus-
ing on minimising the number of electrical and cooking-related fires would most 
likely have a limited effect on the total number of fatal fires though would affect the 
number of rescue service-attended fires.

A final element that is interesting to note in regard to this level in the incident 
pyramid is that elderly individuals, as also shown in the lower risk of having a resi-
dential fire without needing the help of rescue services [17], are less likely to be 
involved in a non-fatal fire requiring the help of rescue services [33]. Given the 
increased risk of elderly being involved in a fatal fire compared to younger popula-
tions [18, 39], this would clearly indicate that the mortality risk is less related to the 
risk of experiencing a fire and more related to the consequences once a fire has 
started.

4  Non-fatal Injurious Residential Fires

Residential fires that lead to injury, though are not fatal, can be seen to be the next 
step in the injury pyramid. Obviously, these injuries are a part of either of the first 
two categories. However, in the previous two levels, individuals who have not sus-
tained an injury are a clear majority meaning that if injured individuals have specific 
individual or fire characteristics, the previous levels may not be representable. Given 
that the primary goal for fire safety is the protection of human lives, it is therefore 
important to distinguish this perspective of fire safety despite them being included 
in several levels.

There are some aspects that are important to note before presenting this level. 
First, studies on fire-related injuries are often focused on burns, regardless of 
whether these were caused by an unintentional or intentional fire and regardless of 
whether the fire was residential or non-residential. Although some studies present 
the proportion of burns in relation to the type of fire, this is only in the descriptive 
statistics, not in the later analyses. This means that it can be difficult to ascertain 
exact socio-demographic factors for residential fire-related injuries. As such, much 
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of the presented material in this section is related to burns in general. Also, the cat-
egory of “non-fatal fire-related injuries” includes a broad array of injuries; from 
injuries merely requiring first-aid to long-term care in specialised burn units. While 
it would be beneficial to differentiate between these groups, this is difficult for a 
number of reasons. First, given that some type of data collection is required, a com-
mon cutoff for studies is whether an individual visited an emergency department 
(ED). However, the criteria for whether individuals receive care at an emergency 
department or other medical institutions can vary between countries, making inter-
national comparisons difficult. Second, there seems to have been a change in poli-
cies in many countries with more minor burns being admitted to specialised burn 
units than previously, not least as a consequence of a greater acceptance of the 
psychological impact burns can have on victims [40]. Although the relationship 
between different injury severity categories seems to be relatively similar with 
approximately 5–10% [9, 41–43] of burn victims presented at an ED needing spe-
cialised care, these aspects mean that differentiating severity is difficult, as is clearly 
seen by the fact that the rates of burns treated in hospitals vary between 2 and 29 per 
100,000 inhabitants in Europe [44].

Regardless of these issues, a decrease has been observed in the rates of ED visits 
for burns between the 1990s and 2000s in the majority of high-income countries [9, 
40]. Likewise, the injury severity (i.e. burn depth) and length of stay in hospitals 
seem to have decreased in many countries [40], at least in part due to improved 
medical treatment [45].

In terms of socio-demographic factors, studies from the United Kingdom, the 
United States and Australia have shown injury rates to be considerably higher in 
low-income neighbourhoods compared to more well-off areas [46–49]. As such, 
similar background factors are seen in attended residential fires. Families with low 
income seem to be particularly at risk in terms of burn injuries in general [50] and 
for children in low-income families the risk of attaining a burn injury is over eight 
times the risk for a child in a middle-to-high-income household [51]. However, in 
terms of education, although low-education is a risk factor for burns in some stud-
ies, this factor seems to have less of an impact on risk than income [50], i.e. an 
opposite result from non-attended residential fires.

Ethnic minorities have also been shown to be overrepresented regardless of 
whether only residential fires are studied or all types of burns are included [49, 50]. 
Although it is most likely that at least some of this increase in risk can be explained 
by socioeconomic confounders [9], results from Australia indicate that injury reduc-
tions have been less prominent among indigenous groups compared to the rest of 
the population [52]. Therefore, this group deserves increased attention, not least 
considering a lower prevalence of safety equipment [53, 54]. Similarly, although the 
overrepresentation of burn victims in single-parent households [50] is most likely 
due to socioeconomic confounders and difficulties with supervision of children, this 
group also has less fire safety equipment in the home [21, 55] meaning that preven-
tative measures aimed at this group could also be beneficial.

In terms of sex, men are considerably overrepresented [40] in all age groups 
despite small children (0–4 years and in particular 6–24 months) having by far the 
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greatest risk of receiving burn injuries that require hospitalisation [9, 56], followed 
by the age group of 15–44 years [57, 58]. In terms of elderly individuals, although 
the risk of attaining a burn injury is lower compared to younger groups, they are 
generally less well-equipped to cope with a fire. Case-fatality rates are considerably 
higher [59] (which may account for the relatively low hospitalisation rates in this 
age group, i.e., fires may more often be fatal than non-fatal), and when individuals 
survive, they have a high risk of needing to move to assisted living [9]. As such, this 
group may be more at risk than the statistics would suggest.

5  Fatal Residential Fires

Fatal residential fires are obviously the top of the residential fire injury pyramid. In 
terms of mortality rates in a total population, these vary from 0 to 0.5 per 100,000 in 
high-income countries [60]. In terms of general fire mortality, one of the most prom-
inent risk factors, at least in high-income countries, is age [23, 61]. From a European 
perspective, the average fire-related mortality rate among older adults between 2005 
and 2014 was 2.86 per 100,000. Notably, however, there was considerable variation 
between countries (a low of 0.55 in Iceland to a high of 14.65 in Latvia) [34].

The fact that old age is such a considerable risk factor for mortality despite not 
being a risk factor for the majority of the other levels in the injury pyramid is an 
important aspect. Old age has considerable effects on the physical and cognitive 
abilities of an individual [62], meaning that evacuation or more complex fire extin-
guishing can be difficult or impossible. Therefore, an early detection becomes the 
only reasonable preventative measure for older adults with reduced capabilities and 
could explain why this group generally focus on smoke alarms rather than other 
safety equipment [21]. It also helps to explain the inadequacies of applying an 
injury pyramid perspective to residential fires. As is clear from the typologies of 
fatal residential fires [23], certain types of fires are considerably more common 
among fatal fires than fires in general, for example regarding smoking-related fires. 
Often, these are relatively small fires that for a younger, well- functioning individual 
are easy to manage. For a disabled (either due to illness or substances) individual, 
however, such fires can be near impossible to manage.

Although the risk factor of age differs between fatal fires and other levels, there 
are also a number of socio-demographic risk factors that are similar with previous 
levels. These include being male [23, 63], living alone [34, 63–65], belonging to an 
ethnic minority [20, 46, 66], having low educational attainment [19, 20], as well as 
other deprivation-related factors such as having a low disposable income, receiving 
social allowance, being unemployed, receiving health-related early retirement pen-
sion, etc. [19, 36, 39, 46, 64, 65, 67, 68]. Interestingly, many of these socio- 
demographic differences have been observed since the 1970s [69, 70], though seem 
to have become even more pronounced since then [36, 64].
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6  Discussion

As is hopefully clear from this chapter, in terms of the quantitative relationship 
between the different levels in the residential fire pyramid, there are a number of 
uncertainties, not least given that certain levels include the same fires. Also, certain 
levels are related to the number of fires, while others are related to the number of 
individuals. However, despite this, the quantitative relationship is valid to present as 
it clearly illustrates the large base of the pyramid. Due to the fact that whether fires 
are attended to or not is not necessarily related to the fire’s outcome, the pyramid 
needs to be divided and separated from the perspective of the fire and the outcome.

As is seen in the figure above, based on an approximate ratio of data from Europe 
and the United States, a number of interesting aspects are seen. First and foremost, 
it is clear that a very large number of residential fires are managed within the house-
hold without the help of rescue services. Practically, this means that in most cases 
rescue services, or other government organisations that are responsible for preventa-
tive interventions, have no knowledge regarding approximately 95% of all residen-
tial fires (n.b. this number varies somewhat between countries). Although this in 
itself is not necessarily a problem, given that rescue services should focus on those 
households that have difficulty in extinguishing or evacuating, it is important for 
rescue services to be aware that their preconceptions regarding residential fires are 
largely constructed from the most severe cases or those households that need help.

Second, a very large number of residential fires do not lead to injuries or fatalities 
and traditional risk measurements can be highly misleading. Most rescue service 
statistics are based on only the three highest levels and therefore the risk of injury or 
death per residential fire can be understood as considerable. By including the base, 
however, it is clear that this is not the case. In fact, from a community perspective, 
the risk of injury or death is very low per residential fire. However, this is not the 
case when specific socio-demographic groups are compared.

At-risk groups

Fatal fires

Non-fatal 
injurious 
residential fires

Non-fatal fires 
attended to by rescue 
services

Residential fires 
not attended to by 
rescue services

Age Elderly Children Adults Adults and children
Sex Men Men – –
Income level Low Low Low –
Education level Low Low Low High
Ethnicity Minority 

groups
Minority groups Minority groups Minority groups

Physical or 
mental function

Lowa – – High

Household 
characteristics

Single 
occupancy

Single-parent 
households

Multi-person 
households

Multi-person 
households

Type of 
accommodation

Houses/
rural areas

– Apartment/urban areas –

aEither caused by physical or mental illness, or due to effects of alcohol and/or drugs
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As is evident from the literature review in this chapter, which in turn is compiled 
in the table above, the socio-demographic groups most at risk differ considerably 
between the different levels. From a national or population perspective, it is clear 
that there is a socio-demographic scale in regard to residential fires. Healthy indi-
viduals who have been educated and who live with others are considerably more 
likely to handle a fire themselves. If their socio-demographic level is slightly lower, 
they are also highly likely to remain uninjured despite needing help from rescue 
services.

The importance of socio-demographic factors is further supported by studies 
showing a significantly lower use of preventative measures or practices among eth-
nic minority families [21, 53, 54, 71, 72], single-households and low-income fami-
lies [21, 55], families in rented accommodation [21, 73], individuals with a lower 
educational level [21, 74, 75] as well as those living in socially deprived areas [76, 
77]. Fire protection, therefore, seems to follow a “sociodemographic protection 
maturity U-curve” in which younger individuals living in single households with 
low income tend to exhibit low levels of fire protection. The level of protection then 
increases with socio-demographic development, to peak during middle-age, to then 
decrease again with old age [21, 78].

Whether this is true from an individual perspective, i.e., that the level of protec-
tion varies throughout an individual’s life, is unknown. However, previous studies 
have shown that risk-taking generally decreases as one gets older [79] and adding a 
child to a household greatly increases the probability of the household having an 
existing fire escape plan [80, 81], thereby indicating that individual development 
may occur. Regardless, socio-demographic factors seem to be possible to overcome 
[82] given the effectiveness of interventions such as smoke alarm installations, edu-
cation or multifaceted programs [63, 82–84]. It could therefore be hypothesised that 
by ensuring that all households had the same level of protection, many of the prob-
lems would be eliminated.

However, this is oversimplifying the issue. Although many interventions are 
effective on a general level, the potential effectiveness varies considerably between 
different socio-demographic groups [24, 85]. For example, simple interventions 
such as smoke alarms are relatively ineffective for frail, disabled smokers [24]. 
Similarly, hinders in the ability to evacuate, i.e. a crucial step in the fire process to 
minimise the risk of both death and injury [86], due to illness, intoxication, living 
alone, living in rural areas, etc., are all factors that are overrepresented among fatal 
fire victims [18]. Put simply, while a functioning smoke alarm will most likely be 
highly effective for the most at-risk group for Residential Fires Not Attended to by 
Rescue Services, its effectiveness for the most at-risk group for Fatal Fires is low.

In conclusion and in accordance with previous research [87–89], differences in 
fire risk and the consequences of fires are clearly the results of complex interactions 
of individual, societal and structural factors. A very small and insignificant fire can 
in one contextual setting result in a non-attended fire, while in another setting it can 
be a fatal fire. As such, there are no one-size-fits-all strategies. Rather, holistic, 
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multifaceted programs are required that take the different levels of the residential 
fire injury pyramid into consideration.

By understanding the construction and internal relationship of the residential fire 
injury pyramid, the societal risk picture also becomes clearer. Specifically, the very 
large majority of residential fires never come to the attention of rescue services. 
Those that do are generally not representative of the total population. Instead, the 
households in which help from rescue services is required, or where injuries and 
deaths most often occur, have innate elements that decrease their ability to handle a 
fire independently. The more this ability is reduced, the greater the risk of a residen-
tial fire becoming a fatal residential fire. As such, although the risk of fatality per fire 
is very low for a large majority, for some individuals with particular characteristics, 
the risk of fatality per fire is high.
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Chapter 4
Fire-Related Injury Mechanisms

Fredrik Huss

Abstract Understanding medical and biological factors affecting survivability in 
fires provide a solid ground for safety and preventive measures.

Most fire deaths are due to (smoke) inhalation injuries alone or in combination 
with burns. Smoke is a complex mixture of compounds that cause harm through 
Asphyxia, Acute irritation, Physical exposure, and Long-term effects. Not only the 
present incident and the acute setting are important, the following period also holds 
a substantial morbidity and mortality. Risk groups such as men, smokers, alcohol−/
drug-impaired, physically disabled or cognitively impaired, and elderly have been 
identified. The global number of elderly people has increased significantly and is 
projected to continue increase rapidly.

While considering their own safety, emergency medical services need to quickly 
identify injured patients to promptly initiate life-saving interventions such as secur-
ing airways and providing O2 counteracting the effects of inhaled toxic gases. Minor 
burns and smoke expositions can be treated ambulatory with routine wound care or 
a short period of O2 inhalation. However, larger burns and inhalation injuries are 
often serious and need advanced treatment in hospital.

Different biological and/or medical factors that can explain, or identify, persons 
more vulnerable than others to fire, smoke, or heat incidences are reviewed in this 
chapter.

Given the short amount of time at hand to escape a fire situation, measures to 
extend this time must be taken; however, prevention is really the key. Environmental 
modifications, safety rules promotion, etc. need to be tailored to specific groups; 
children do not function as adults, psychiatric disabled differ from physically dis-
abled, etc.
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1  Introduction

At 03:00 the fire alarm goes off. Mum hears the annoying noise distantly. It was only an 
hour ago she took the sleeping pill, the wine didn’t do it for her this night. The divorce is 
really taking a toll on her, she can’t sleep any longer. She smells smoke, her heart starts to 
pound. Her head is spinning, she can hear the children cry in their room. She’s terrified. 
Her dad recently moved in to help her after the divorce. She’s thankful for that even though 
she’s afraid that he is showing signs of Alzheimer and just recently recuperated from his 
third heart attack. Dad! She cries, while swearing to herself that he, of course, removed his 
hearing aid for the night. She stumbles out of bed and heads for the nursery. In the hallway 
thick black smoke is lingering in the ceiling. The little one stands clinging to the crib wall, 
crying. She picks him up while screaming to the older child to run outside. With the little one 
in her arms she heads for her dad. The smoke is thicker now, she can barely see where she’s 
going in the hallway. Her lungs ache, she coughs heavily and can feel how it’s becoming 
heavier to breathe. Mum reaches for her asthma-spray just to realize she’s in her pyjamas 
and the spray is still on the night stand…

Who in the family will make it out safely? This small, typical, family and situation 
show several intrinsic factors that have severe impacts on the chances for them to 
escape the dangerous situation.

Fire, heat, and hot substances have since the beginning of times been risks, to all 
species, and in all societies. Even the homo erectus (approximately 1.8 million years 
ago) was in danger, e.g., from lightning and wildfires. The risks increased even 
more when hominins learned the ability to control fire (suggested to happen approx-
imately one million years ago [1]). In parallel with mankind’s evolution, of course 
also measures to avoid and handle dangers have been developed and implemented.

As society, with time, has become increasingly more complex, so have also 
the risks.

Can be seen as obvious, but what exactly are the mechanisms behind people 
being injured or dying due to fire, heat, and hot substances? Which are the medical 
and/or biological explanations that make some people (more) vulnerable to fire, 
smoke, or heat (that also could explain the increased morbidity and mortality in 
certain groups)?

A multidisciplinary approach to reduce, and possibly avoid, injury and death due 
to fire, heat, and hot substances has previously mostly prevailed. However, it is evi-
dent that an interdisciplinary approach would be more fertile. Given the fact that 
most victims belong to one, or several, specific risk groups, it is necessary to take on 
the whole chain; pre-, per-, and post-incident. What can be done from the medical/
health care sector to reduce the risks for, and effects of, a fire-related incidence for 
the more vulnerable persons?
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2  Causes of Death in Residential Fires

Preventing situations that can put people in risk of fire and burns is of course a pre-
requisite in decreasing fire-related morbidity and mortality, e.g., how buildings are 
built regarding material, escape routes, etc. Once a fire incident is at hand, another 
prerequisite is that the person is made aware of the danger. It is not obvious that the 
person can embrace the situation and rationally seek to escape. Elderly, children, 
and physically, psychiatrically, or alcohol/drug-induced debilitated individuals 
often need longer time to react, if they react at all, to the threat. Even if/when the 
threat is acknowledged and the person, hopefully, reacts to escape, other, fire- 
related, factors come at play.

The majority of residential fire deaths (75–80%) are due to smoke inhalation 
alone or in combination with cutaneous burns. Since only 26% of deaths are attrib-
utable to burns, smoke inhalation is deemed as the main killer [2–5].

Asphyxiation, heat stroke (core hyperthermia), and distributive shock as a result 
of incidences with fire, heat, and hot substances are examples of immediate causes 
of death [6]. Occurring, but less common, are associated trauma or even already 
dead (homicide, suicide, or disease). The cause of death can seemingly be obvious, 
but there is often a road to the deadly point that is not routinely evaluated in autop-
sies or forensic examinations. In the scope of this book, these are factors that need 
to be considered. Why did the person end up in this situation, i.e., why did/could 
the individual not flee? Incapacitation plays a large role. Smoke, heat, physical 
condition, illnesses, etc. all add up to the situation preventing the individual from 
escaping the danger zone, thus exposing himself to further harm or, eventu-
ally, death.

2.1  Inhalation Injury

Inhalation injury is defined as inhalation and/or aspiration of hot gases, vapors, 
liquids, or toxic/chemical substances (residues after combustion). The risk is higher 
if the fire incident occurs in a closed room. Inhalation injuries can be seen in 2–20% 
of the cases with (flame) burns. The combination burns and inhalation injury 
increases morbidity and mortality significantly and increases the patient’s need for 
fluid resuscitation in the early resuscitation phase. Since the heat exchange is very 
effective in the upper airways, the vast majority of thermal inhalation damage is 
limited to the upper airways (above the glottis) [7].

Although anamnesis or findings indicate that inhalation of hot or harmful sub-
stances has occurred, there are no clear clinical acute signs of an actual inhalation 
injury. This means that the acute diagnosis is only based on a number of probabil-
ity factors (an adequately performed and assessed bronchoscopy may help but is 
not conclusive in the acute setting). These factors are partly based on 
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circumstances at the time of the injury itself and partly on symptoms of that the 
upper airways have been damaged. However, the main clinical problems resulting 
from an inhalation injury are mainly caused by effects at the alveolar level and 
these cannot be assessed initially, but always appear somewhat later in the process 
(5–7 days).

 Signs of Inhalation Injury

• Fire accident (or similar) in a closed room.
• Soot in sputum.
• Burns to face/neck.
• Changed level of consciousness.
• Strained breathing.
• Hoarseness of voice.

If an inhalation injury is likely, or in anticipated major and early airway problems, 
immediate intubation (placement of a flexible plastic tube into the trachea to 
maintain an open airway) should be considered. Especially when there is:

• Deep burns to the neck and face.
• Burns in the mouth.
• Stridor, hoarseness, or swelling in the pharynx.
• Unconsciousness.
• Hypoxia/hypercapnea.

 Clinical Entities of Inhalation Injuries

Three clinical entities of inhalation injury exist (and may exist simultaneously):

• Upper airway injury (above glottis).
• Lower airway injury (below glottis).
• Inhalation of toxic gases:

 Upper Airway Injury (Above Glottis)

The airways cranially of larynx/glottis, that is, the uvula, pharynx, and epiglottis, 
can be damaged and thus also swell considerably. This always entails the risk of 
acute total upper airway obstruction. The patient has stridor, hoarseness, and/or 
changed pitch. The time for any possible total occlusion of the airways varies and 
can be unpredictable. Generous indication of intubation exists. Inhalation of hot 
gases (but also hot liquids or chemicals) is usually the pathogenesis.

F. Huss



49

 Lower Airway Injury (Below Glottis)

Epithelial damage, increased secretion, inflammation, atelectasis, and obstruction 
occur when toxic substances reach beyond the larynx and the lung parenchyma is 
damaged. Due to the heat exchange in the glottic area, thermal damage is very rarely 
seen below the glottis, but they do occur (especially after explosions/explosive com-
bustion). The presence of hot steam also increases the risk of thermal damage in the 
lower respiratory tract. The patient exhibits dyspnea, cough, wheezing voice, and 
abundant secretions. Bronchoscopy can reveal an image of edema, bleeding, and 
soot. Lower airway damage significantly increases mortality.

 Inhalation of Toxic Gases

Results in more systemic effects than upper/lower airway damage, vide infra.

2.2  Smoke

Smoke is a complex, heterogeneous, mixture of many different compounds (gases 
and particles). Depending on the fuel (what’s burning), temperature, time since igni-
tion, oxygen supply, and more, the composition varies greatly, also over time.

Four major separate harmful pathways for smoke can be identified [5, 8–10] 
(Table 4.1):

• Asphyxia.
• Acute irritation.
• Physical exposure (heat, vision).
• Long-term effects.

2.3  Asphyxia

Since all cells of the body demand O2 for their metabolism, i.e., to live and function, 
an adequate O2 delivery is essential and is maintained by the cardiorespiratory sys-
tems. The air contains normally 21% O2 and when inhaled O2 diffuses, in the alveoli 
of the lungs, to the capillary blood where it binds to hemoglobin (>98%) or dis-
solves directly in the plasma (<2%). The heart pumps the blood into the systemic 
circulation and further eventually to the microcirculation of cells and tissues. There, 
the O2 is released from the hemoglobin and diffuses into the cells where it enters the 
electron transport chain in the mitochondria to enable production of aerobic energy. 
Normally, the O2 delivery to the cells is a demand-driven process.
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Table 4.1 Table of selected important fire gases

Type of component Examples of sources Principal risks

Asphyxiants

CO2, CO Inorganic gas All fires Acute: asphyxia
HCN Inorganic gas Nitrogen containing fuel, 

e.g., nylon
Acute: asphyxia

Irritants

NO, NO2, 
(NOX)

Inorganic gas Nitrogen containing fuel, 
e.g., nylon

Acute: irritation
Long term: lung damage

NH3 Inorganic gas Nitrogen containing fuel, 
e.g., nylon

Acute: irritation
Long term: lung damage

HCl Inorganic gas Chlorine containing fuel, 
e.g., PVC

Acute: irritation
Long term: lung damage

HF Inorganic gas Fluorine containing fuel, e.g., 
PTFE, PVDF

Acute: irritation
Long term: lung damage

HBr Inorganic gas Bromine containing fuel, 
e.g., Br-flame retarded 
material

Acute: irritation
Long term: lung damage

SO2 Inorganic gas Sulphur containing fuel, e.g., 
wool

Acute: irritation
Long term: lung damage

Isocyanates Volatile organic gas Nitrogen containing fuel, 
e.g., mineral wool

Acute: irritation.
Long term: asthma, 
cancer

Phenol Volatile organic gas Generally in many fires Acute: irritation
Styren Volatile organic gas Polystyrene fuel Acute: irritation
Benzene Volatile organic gas All fires Long term: cancer
PAH Semi-volatile/

condensed phase 
organics

All fires, aromatic fuels Long term: cancer

Dioxins/
furans

Semi-volatile/
condensed phase 
organics

Chlorine or bromine 
containing fuels

Long term: cancer, 
immunotoxicity, etc.

Obscuring

Soot particles Particles All fires Acute: visual obscuration
Long term: depositions in 
the lungs

After Blomqvist [8]

If the cells’ O2 demands cannot be met due to inability to acquire, transport, or 
deliver sufficient amounts through breathing/circulation asphyxia is present, cells 
and tissues become hypoxic and start to die.

Gases developed in fires can cause asphyxia in many ways [11], to mention a few:

• Displacement of O2 in the inhaled air (less O2 inhaled).
• Affect the diffusion of O2 from lung to blood or blood to cells through.

 – (Soot) particles/debris depositions in the alveoli
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 – Thermal injury to the mucosa.
 – Shifting of the dissociation curve of hemoglobin.

• Impair hemoglobin O2 carriage (e.g., CO has 210 times higher affinity than O2 to 
hemoglobin and thus blocks the bindings sites for O2 leading to less O2 being 
transported).

• Elicit metabolic acidosis and/or systemic ischemia.
Interference with the mitochondria’s electron transport chain.

2.4  Acute Irritation

Mucous membranes in, e.g., eyes, mouth, nose, and respiratory system, react to 
chemical irritants in different ways, e.g., by increased secretion, bronchospasm, and 
cell damage. Some effects are acute and can result in, e.g., visual impairment or 
difficulties breathing rendering the person unable to escape the danger zone, whereas 
other effects are more long-term (lung damage, pneumonia, pneumonitis, lung 
edema) that may result in death some time later. The irritative effect that occurs 
directly is more related to the concentration than the dose of the irritant. However, 
in larger doses more long-term effects can be seen. Still, the critical doses and con-
centrations for humans are not easy to establish [8].

2.5  Physical Exposure (Heat)

The heat exchange in the upper airways is very effective. Thus, thermal inhalation 
injury is mostly limited to the upper airways (above the glottis). There, burns and 
resulting edema may quickly impair the airways’ patency.
In escaping a fire scenario, the heat can also be incapacitating in the sense that the 
person is prevented to reach escape routes because of oppressing temperatures. The 
person may find himself trapped in a room because of fear of, or actual, injurious 
heat and succumbs due to additive harmful factors such as harmful gases.

2.6  Physical Exposure (Vision)

A person’s vision may be impaired in a fire scenario not only by irritant gases. The 
aerosol of solid and liquid particles and gases that make up the smoke simply makes 
it difficult to see where one is going due to obscuration and darkening (light extinc-
tion) of the surroundings [8].
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2.7  Long-Term Effects

Even though the acute effects of different smoke constituents probably pose the 
more important aspects regarding the context of this book. One also needs to con-
sider more long-term effects. Several of the constituent gases, particles, and debris 
involved in fires can cause direct systemic and airway and lung tissue damage as 
well as trigger development of, e.g., cancer, immunotoxicity, and asthma later on. 
Deposition of solid particles, particularly those in the nm-range, are of concern 
regarding health effects long time after the fire incident [8].

3  Medical and Biological Factors Affecting Mortality

The global number of elderly people (>65 years) has increased. This is a result of 
advances in living conditions, social care, and medicine and is projected to continue 
increase rapidly from 0.7 billion people today and reach 1.6 billion in 2050 [12].

In 2019, the global death rate per 100 k population, all ages, regarding burns was 
1.44. For people ≥65 years, the rate was more than 3-fold higher, ≥75 years more 
than 5-fold, and for ≥85 years more than 9-fold.[13].

The risk of injury and death in residential fires (at least in HMIC) has previously 
been shown increased in risk groups such as men, smokers, alcohol−/drug impaired, 
physically disabled or cognitively impaired patients, and elderly [14–19]. Cultural 
and sociodemographic differences along with behavioral factors aid in explaining 
this increased risk [19–22].

Can possible biological and/or medical factors be found that explain or identify 
one person being more vulnerable than another to fire, smoke, or heat incidences?

3.1  Carbon Monoxide

The major toxic gas that causes most deaths in residential fires is CO [8]. An inor-
ganic color- and odorless, non-irritable gas, slightly lighter than air, present in basi-
cally all fires. The major acute effect is, due to CO’s higher affinity to the heme 
proteins of hemoglobin, that CO competes out the O2, thus less O2 can be trans-
ported to cells and tissues. Furthermore, CO has high affinity also for other heme- 
proteins and thus binds to, e.g., myoglobin in myocardium and skeletal muscle [23, 
24]. In the myocardium, the effect is cardiac dysfunction. The resulting tissue 
hypoxia increases the vascular permeability leading to an accumulation of intersti-
tial fluid (edema). Depending on affected organ, the edema gives symptoms such as 
neurological/unconsciousness (brain), respiratory failure (lungs), arrythmias/heart 
failure (heart), and renal failure (kidneys). However, also several more delayed 
effects as neurological and other sequlaes like cognitive deficiency, anxiety, 
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stubborn headache, sleeping disorder, balance problem, dizziness, impaired vision, 
neuropathies, mood disorders, muscular weakness, hearing loss and/or tinnitus, 
stroke, and autoimmune connective tissue diseases can be noted [25–30].

Persons with cardiovascular diseases are postulated to be more vulnerable to CO 
with incapacitation and death at lower and sublethal concentrations [3, 25, 31–35]. 
In 541 fire deaths, investigated by Birky et al., 60% of the victims died of CO alone 
(50% CO-hemoglobin set as lethal concentration), 20% due to CO along with pre-
existing cardiovascular disease, and 11% of burns alone [4]. Regional abnormalities 
of heart wall movement, diagnosed with echocardiography, suggesting preexisting 
asymptomatic atherosclerosis leading to local ischemia when exposed to CO were 
found in an older subgroup of patients treated with hyperbaric oxygen for severe CO 
poisoning [36]. Satran et  al. also found preexisting hypertension and male sex- 
predicted CO-induced myocardial injury [36]. Other studies on people with exer-
tional angina pectoris who were exposed to (low concentrations) CO have established 
a relation between CO-hemoglobin concentration and time to angina [37].

Healthy adult humans can tolerate 10–15% CO-hemoglobin without symptoms, 
whereas individuals with coronary artery diseases can develop angina rapidly dur-
ing physical effort already at CO levels of 2%. A deadly fire in a care home for 
elderly where 14/19 residents died was investigated by Purser [38]. He could show 
that the residents with cardiovascular diseases trended towards increased suscepti-
bility to CO poisoning, and for heart disease alone, there was a statistically signifi-
cant increase.

The treatment is to counteract the O2 displacement by increasing the amount of 
O2 inhaled, thus the increased amount of O2 can compete with CO at the binding 
sites on hemoglobin and reduce CO-hemoglobin’s half-time from about 4–5  h 
(room air) to approximately 1 h. Hence, (100%) O2 should promptly be provided, 
preferably via a tight-fitting mask. In certain situations, hyperbaric O2 therapy 
(100% O2 under increased atmospheric pressure – commonly 2–3 atmospheres) can 
be used and will decrease CO-hemoglobin half-time to about 20 min. However, the 
indications and (side) effects of HBO treatment are debated.

3.2  Carbon Dioxide

Carbon dioxide, CO2, is a color- and odorless, inorganic, non-irritable gas, heavier 
than air (1.5 times), present in basically all fires. CO2 is well-tolerated in low con-
centrations, but in higher (>5%) acts mostly as a simple asphyxiant, by displacing 
O2, but also as a toxicant [39].

In higher concentrations, hypercapnia and respiratory acidosis develop which 
affect the parasympathetic nervous system, thus depressing the respiration and cir-
culation. At even higher concentrations, neurological symptoms as convulsions, 
coma, and death appear. In >30% CO2, almost instant unconsciousness followed by 
cardiac arrest within minutes occurs. Thus, in situations with very high CO2 concen-
trations, the toxic effect may well be the lethal cause and not the asphyxiating [39]. 
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However, in residential fires, it is unlikely that the concentrations of CO2 will rise 
fast enough to be the lethal gas since other, more fast-acting, gases will reach lethal 
concentrations sooner.

Symptoms present in CO2 intoxication thusly vary depending on the concentra-
tion and tachy−/bradypnoea, tachy−/bradycardia, arrhythmias, convulsions, and 
cardiac stress can be noted. This is probably the reason for that hypercapnia due to 
CO2 intoxication is more dangerous for people with cardiovascular deceases [40].

Another important mechanism of CO2 is its effect of increasing the respiratory 
rate, thus increasing uptake of other (toxic) combustion products [3]. Especially 
elderly and people with cardio−/respiratory conditions are more vulnerable in fire 
incidents [41].

3.3  Oxygen Depletion

The three necessary constituents in a fire (the fire triangle) are fuel, energy, and an 
oxidizer [8]. As the process of combustion proceeds, the constituents are consumed. 
For O2, this means that the atmosphere becomes O2-depleted which, of course, even 
worsens the effects of the asphyxiant gases.

Oxygen deprivation alone can incapacitate a person at around 10% O2 concentra-
tion and be lethal at <7%. However, without extreme heat, such as in a flash fire 
(room temperature high enough to autoignite most flammable materials and the 
room is engulfed in flames), this situation is unlikely. Furthermore, the temperature 
involved in a flash fire would probably, in itself, be lethal before the O2 deprivation 
affects the person [42].

3.4  Hydrogen Cyanide

Hydrogen cyanide, HCN, is an inorganic colorless gas (boiling point = 25.6 °C) 
released when nitrogen containing fuel burns with mostly asphyxiating effects. To 
most people, it has a marked bitter almond odor; however, approximately one-third 
of the population lack the ability to smell HCN, possibly genetically controlled. 
HCN is approximately 35 times more toxic than CO, and basically all organs of the 
body, especially those sensitive to low O2 levels, brain, respiratory, and cardiovas-
cular systems, can be affected. Inhalation of HCN can be rapidly fatal [8]. Even 
though its role in fire deaths is somewhat debated, it is regarded as being an impor-
tant asphyxiating gas that needs prompt treatment. HCN shows a molecular simi-
larity to O2 in the sense that it binds (reversibly) to cytochrome a3 and interferes 
with the oxidative metabolism at the cellular level (intracellular hypoxia occurs 
within the mitochondria), thus turning the metabolism into anaerobic, producing 
lactate that leads to systemic acidosis. HCN needs to be promptly treated with, 
e.g., hydroxocobalamine, but since there are no specific tests or symptoms the 
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treatment indication is the suspicion of exposure and/or acidosis. Levels of HCN 
can be measured in blood, but the interpretation of the results is difficult since 
HCN is both produced and degraded in blood and body tissues, even postmortally 
[43, 44].

Even though data are lacking regarding increased vulnerability to HCN in any 
risk group, it can be safe to establish that there is enough synergy among asphyxiant 
gases and people with cardiovascular diseases to view them more vulnerable. 
Synergy between HCN and CO has been shown in animal models [45, 46].

3.5  Asphyxiation Synergy

The common effect of all asphyxiants, or narcotic gases as they are sometimes 
called, is that they ultimately lower the O2 concentration in tissues and organs, be it 
by simple ambient O2 displacement (lowers inhaled O2 concentration) or by sys-
temic effects. Carbon monoxide is probably the most studied asphyxiant and preex-
isting cardiovascular diseases seem to increase the vulnerability through cardiac 
ischemia. Other asphyxiants probably produce similar effects and may also act in 
synergy.

The common, most basic, treatment is to provide a surplus of O2 to be inhaled, 
be it through normo- or hyperbaric ways.

3.6  Irritants

Irritant gases are most often (volatile) inorganic gases with the common feature of 
acutely inducing irritation of, preferably, the airways, but also eyes, skin, and 
mucous membranes generally. The irritants have an important role regarding lethal-
ity in fire situations. The irritants may not be acutely lethal, but the rapid physiologi-
cal and resulting behavioral effects reduce the possibility to escape and lead to 
incapacitation, allowing the accumulating irritating effects or the asphyxiants, or 
heat, to become lethal [8, 47, 48].

The principal effects of irritants are similar and HCl may be the most studied 
irritant in fire and smoke situations. However, most data are from animal models 
and the human interpretation needs to be careful [49].

Most irritants also elicit long-term effects such as lung damage, asthma, cancer, 
and immunotoxicity.

As with the asphyxiants, preexisting conditions like pulmonary diseases or 
asthma render people more vulnerable to the irritants since their physiological 
reserves are already limited.

Irritant gases can cause pain in eyes, skin, or respiratory tract, bronchospasm, 
hypersecretion, and impaired vision.
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3.7  Nitrogen Dioxide

Nitrogen dioxide, NO2, is an inorganic, reddish-brown gas with a pungent acid 
smell. It is released when nitrogen-containing fuel burns with acutely irritating and 
to some degree asphyxiating effect and can, in the long-term, cause lung damage.

NO2 is directly toxic to the respiratory tract and is easily absorbed through the 
lungs. NO2 diffuses into the respiratory epithelial lining fluid and dissolves and 
chemically reacts. This reaction and its metabolites determine the health effects 
which include (acute and long-term) cardiovascular effects (triggering heart attacks), 
diffuse inflammation, bronchoconstriction, inflammation, reduced immune 
response, edema leading to bronchitis, pneumonia, or fulminant lung edema, and 
interstitial fibrosis [50].

Besides the asphyxiating effect of fluid accumulation in the lungs, the formation 
of methemoglobin blocks the O2 transport in much the same way as CO [51].

3.8  Heat Exposure

Classic heatstroke can be caused by high surrounding temperatures [6]. Preexisting 
medical conditions and/or an inactive lifestyle with low aerobic capacity increase 
the vulnerability to heat (in)tolerance or heatstroke. Age itself seems not to be a 
decisive risk factor [52, 53]. In a fire incident, the rise in temperature is most often 
not that quick and other mechanisms of incapacitation, injury, and death occur 
before a classic heatstroke develops.

The amount of tissue damage inflicted by heat can be viewed as a simple rela-
tionship between how long the tissue is exposed to a certain temperature.

 

Considering that a prolonged exposition of the skin to 44 °C is enough to pro-
duce irreversible epithelial cell damage, it is easily understood that higher 
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Fig. 4.1 Relationship temperature-time and suggested cut-offs for different burn depths in chil-
dren and adults [55].

temperatures, such as those involved in a fire, can cause serious damage to the 
human body’s deeper tissues rapidly [54] (Fig. 4.1).

Several, mostly mathematical, models have been used to estimate what tempera-
ture skin and tissue reach during a burn/heat incident [56–58]. There are a plethora 
of factors affecting the tissue response to heat; e.g., skin thickness varies depending 
on the body area and between persons due to age, gender, and more; blood perfusion 
of the tissue varies; skin is affected differently whether the heat source is radiation, 
flame, scald, or contact; type of clothing worn; moisture on the skin (sweat); air 
humidity; etc. To be exposed to a fire/heat incidence elicits several physiological 
responses and reactions that further complicate the prediction of tissue damage. For 
example, a decrease in heart function with decreased cardiac output and hypoten-
sion, e.g., due to effects of inhaled gases, lessens the blood perfusion to the skin, 
which is followed by both the heat exchange (by the flowing blood) being decreased, 
and thus more heat energy absorbed, giving deeper burns. A sustained hypotension 
with the sustained lessened blood flow in the skin creates a cellular environment 
lacking enough nutrients and O2, leading to that cells that have been subjected to 
reversible damage from the heat insult may well succumb due to the cellular 
environment.

From these complicated conditions, it can be perceived as contradictory as to 
when and how tissue damage occurs. An ambient temperature of 90 °C can well be 
tolerated for 45 min or longer without resulting in cutaneous burns (compared to 
being in a sauna) [59]. Others indicate that tolerance to temperatures <120 °C is 
limited by hyperthermia, but at >120 °C pain is followed by cutaneous burns [10].
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Increased ambient temperature (⩾31 °C) during exposure to CO was studied in 
healthy adults, indicating synergistic effects of the heat and gas probably leading to 
more rapid incapacitation of a person.

Considering mortality and morbidity by fire, heat, and hot substances, one fre-
quently focuses on the incident itself and the acute setting. However, one must not 
forget the period that follows the insult.

3.9  (Cutaneous) Burns

Some of the main functions of the skin are:

• To be a barrier against the environment (both “physically” and against pathologic 
microorganisms).

• Temperature regulation.
• Fluid regulation.
• To be an interface to the surroundings (sensation, looks).

After having been exposed to fire, heat, and hot substances, it is common that the 
person has acquired cutaneous burns. The burnt skin then loses the above mentioned 
functions.

The burn trauma is a condition with many faces ranging from minor superficial 
blisters/wounds that heal uneventfully spontaneously to massive full-thickness 
burns covering large areas of the body necessitating advanced intensive care and 
surgery. Treatment of significant burns is often considered one of the costliest forms 
of hospital care.

The burn trauma itself induces a massive inflammatory reaction both locally and 
systemically and affects basically all organs and systems in the body. The open 
wounds, along with different (blood-, respiratory-, gastric-, urinary-, etc.) catheters 
needed for the (intensive) care, are gateways for pathological microbes easily lead-
ing to infections and sepsis with high morbidity and mortality.

The depth, surface extension of the burn wounds, age, and the presence of an 
inhalation injury are the major denominators determining the severity, treatment, 
and outcome of the burn trauma [60, 61].

The modern terms used are:

• Superficial burns (epidermal, previous 1st degree).

 – Only the epidermis is damaged.
 – Intense redness and pain.
 – Equivalent to a sunburn.
 – Intact sensation and capillary refill.
 – Heals in few days without scars.
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• Superficial dermal burn (previous 2nd degree, a).

 – The entire epidermis and superficial parts of the dermis are damaged.
 – Often blisters, moist surface, redness, and painful wound surface.
 – Intact sensation and capillary refill.
 – Usually heals within 2 weeks with proper wound care and without scars, but 

with possible changes in pigmentation.

• Deep dermal burn (previous 2nd degree, b).

 – The entire epidermis and deep parts of the dermis (hair follicles, sweat glands, 
and other adnexae) are damaged.

 – Marbled, dark red-white, dry, or moist wound surface.
 – Usually no blistering.
 – Diminished sensation and capillary refill.
 – Surgery with skin transplantation is usually required.

• Full-thickness burn (previously 3rd degree).

 – The entire skin (epidermis and dermis) and sometimes also deeper tissues are 
damaged.

 – Pale-brown or black color, leathery texture.
 – Dry surface.
 – No sensation or capillary refill.
 – Surgery with skin transplantation is required for healing.

Burns affecting >20% of the total body surface area (%TBSA) are usually con-
sidered major, or significant. Full-thickness burns are more serious than superficial. 
However, also larger superficial burns cause systemic (inflammatory) reactions that 
can be detrimental.

To predict the mortality in burn patients, professor Serge Baux presented, in 
1961, the Baux-score: mortality rate = age + %TBSA [62]. However, advances in 
burn care and the appreciation of an inhalation injury’s deleterious effect have ren-
dered the original Baux-score too pessimistic. Thus, in 2010, Osler et al. revised the 
Baux-score to mortality rate = age + %TBSA + plus 17 points if inhalation injury is 
present [63]. Today, the better burn centers regularly successfully treat burns with 
Baux-score > 130–140. This indicates that the question today is not to be whether 
the patient survives, especially not in younger age groups, but more to what kind of 
life the patient can be rehabilitated back to.

Looking at global in-hospital mortality due to fire, heat, and hot substances, one 
must carefully evaluate published data because of an obvious risk of selection bias 
since patients with a poor prognosis will probably not be referred to, and treated, in 
hospitals in resource-constrained areas.
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4  On the Scene

Of all the destructive mechanisms involved in a fire, carbon monoxide and hydrogen 
cyanide may be the most sinister. Mortality is highly increased when these 2 gases 
are involved. Emergency medical services (ambulance etc.) need to quickly identify 
these patients and promptly initiate life-saving interventions such as securing air-
way and spinal control and provide O2 and intravenous fluid resuscitation [9].

The patients may not present with classic signs of toxic exposure; thus, triage 
may be difficult. Textbook signs of cherry red skin (CO) or smell of bitter almond 
(CN) are mostly only found in the books. Due to the varying time of exposure and 
concentrations of toxic gases, a broad variety of signs and symptoms may be pres-
ent: e.g., nausea, confusion, headache, loss of consciousness, cardiac arrest, etc. 
Thus, also potential risk factors and environmental findings that could indicate inha-
lation injuries, like fire incident in an enclosed space, should be sought after [9]. 
Routine examinations with, e.g., pulse oximetry are unreliable and more specific 
laboratory data are not available on the scene. EMS therefore should broadly initiate 
treatment. Equally important, though, is the safety of the EMS and others working 
on the scene. Irritant and toxic substances released in the fire may also affect them 
and proper protective equipment is necessary.

A cornerstone in the field work on site is to provide supportive and safe care 
while acknowledging, in order of priority, safety, patient extrication and decontami-
nation, airway management, getting intravenous access, burn treatment, prevent 
hypothermia, and patient dispersion [9].

4.1  Treatment

Minor scalds, burns, and smoke expositions can preferably be treated in ERs or 
GP’s offices. Routine wound care or a short period of O2 inhalation is often suffi-
cient. However, larger burns and inhalation injuries are most often serious and need 
advanced treatment in hospital.

4.2  Isolated Inhalation Injuries

The medical issues with an (isolated) inhalation injury can be summarized as toxic 
effects (local and systemical), increased secretion, and obstructivity. If the patient 
cannot maintain a patent airway or the oxygen exchange, intubation and connection 
to a ventilator is necessary. The patient is treated in the intensive care unit. 
Symptomatic treatment with O2, bronchodilators, and bronchial toilet is often suf-
ficient. Complications as pneumonia and sepsis are treated with systemic antibiotics 
and other necessary organ supportive treatment.
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4.3  Burn Injuries With/Without Inhalation Injury

More extensive burns should be treated in specialized burn units/centers. A burn 
trauma patient is a special type of trauma patient and should, in the acute phase, be 
treated according to Emergency Management of Severe Burns (EMSB) or Advanced 
Burn Life Support (ABLS), and Advanced Trauma Life Support (ATLS) [64–68].

The burn trauma itself elicits a massive systemic inflammatory response, leading 
to basically all organ systems and cascade systems becoming affected. (vide supra) 
The treatment involves securing a patent airway and organ-supportive measures. 
The cornerstone of the acute treatment is, besides ordinary intensive care  (organ 
support), the fluid resuscitation, where the fluids that escape the bloodstream into 
the soft tissue due to the inflammatory reaction are compensated. This is to ensure 
that critical organs (kidneys, brain, heart, etc.) have enough circulation (“permissive 
hypovolemia”) to maintain their primary functions. According to the Parkland for-
mula, the patient is to be given 2–4 ml × body weight (kg) × %TBSA intravenous 
fluid the first 24 h after trauma [69]. Thus, for a 100 kg patient with 50% burns, the 
calculated required amount of resuscitation fluid for the first 24 h is 10–20 l! Still, 
the Parkland formula only calculates a predictive fluid amount and the individual 
volume should be adjusted according to the patient’s circulatory status and urine 
production aiming for “permissive hypovolemia” [7, 70]. A concomitant inhalation 
injury usually increases this amount with >50% (i.e., >30 l in the example). A mas-
sive general swelling/edema thus follows that can lead to serious complications 
such as compartment syndrome in extremities, abdomen, eyes, or brain. The burned 
skin/tissue is no longer viable and should be removed within the first days. Surgically, 
the burned tissue is removed and resulting wounds covered with, preferably, split- 
thickness skin grafts from the patient’s unburned areas. However, already at 20–30% 
TBSA (and above), the amount of unburned skin may not be sufficient to cover all 
wounds. In these cases, different techniques such as re-harvesting skin when donor 
sites have healed or in vitro culture of autologous epithelial grafts can be used.

Commonly, one estimates approximately 1 hospital day per % TBSA burned. 
The early hospital phase, though, is only the start of a long marathon. Months, and 
even years, follow with physiotherapy and rehabilitation.

5  Discussion

Globally, incidences with fire, heat, and hot substances compose a serious general 
public health problem. More than 300,000 deaths occur annually from fire incidents 
alone [71]. Add to that even more deaths from scalds, electrical−/, chemical−/, and 
contact burns. Furthermore, millions of persons involved in incidences with fire, 
heat, and hot substances suffer from long-term issues as disabilities or disfigure-
ments, let alone issues as destroyed homes and belongings and other secondary 
personal and economic effects.
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The absolute majority (>95%) of the global fire-related deaths and injuries occur 
in LMICs where health care systems often are not as developed [71]. Many fire/burn 
prevention strategies have been introduced over the years and results are seen. 
However, in the global sense, strategies that have been proven successful in HICs 
may not be transferable to LMICs as the epidemiology and trauma panorama is 
substantially different.

Through different modellings based on inter alia experimental data from human 
and animal studies, time to human incapacitation in fire situations can be calculated. 
Commonly, approximately 3–4 min since start of fire are mentioned as time to inca-
pacitation, and around 5–6 min to death [10, 72, 73].

Obviously, different physical properties of the fire (fuel, time, etc.) and where the 
fire occurs (same room as person, further away, etc.) as well as different biological 
(age, gender, etc.) and physical properties (diseases, disabilities, etc.) of the person 
allow this time to vary greatly.

Fire incidents have always happened and will also continue to happen in the 
future. Given the short amount of time at hand, once there is a fire incident, to 
escape the threatening situation, one comes to the conclusion that, of course, mea-
sures need to be taken to extend this time period, but that prevention is really the 
key. However, it has become increasingly evident that there is no “magic bullet” 
when it comes to prevention. Common preventive measures like modification of the 
environment, safety rules promotion, and suggested changes in behavior pre- and 
peri-incident can be effective, but need to be individually tailored to specific (risk) 
groups both in how measures are taken and how information is given; children do 
not function as adults, psychiatric disabled persons differ from physically disabled, 
etc. [74–79].
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Chapter 5
The Evacuation of People with Functional 
Limitations

Enrico Ronchi, Erik Smedberg, Gunilla Carlsson, and Björn Slaug

Abstract This chapter presents an overview on the role of functional limitations on 
self-evacuation possibilities in case of fires in residential buildings. This is per-
formed highlighting the links between functional limitations, predominant activi-
ties, and fire evacuation. This study makes use of the International Classification of 
Functioning, Disability and Health (ICF) by the World Health Organization with 
application to the activities performed during a fire evacuation scenario and how 
those can be affected by functional limitations. Quantitative and qualitative data 
concerning the egress of people with functional limitations are also discussed. The 
findings are presented making use of the engineering egress timeline commonly 
adopted in fire safety engineering applications and attempting to translate consoli-
dated concepts of the research in the field of accessibility to the fire evacuation field. 
This chapter highlights that most researches on the evacuation of people with func-
tional limitations have so far focused on addressing mobility limitations, particu-
larly on the movement phase. Current knowledge gaps concern the impact of 
cognitive limitations, the ability to smell smoke, and how speech impairments can 
affect communication during an evacuation scenario.

Keywords Egress · Disability · ICF · functional limitations · Evacuation · Ageing

1  Introduction

Current buildings are to a large extent designed to fit a population with average 
characteristics, and therefore it should come as no surprise that people with func-
tional limitations will have issues in navigating such environments. It is argued that 
emphasis should be placed on both characterizing the capabilities of individuals and 
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on the design of the environment, in order to increase egressibility for all. Extensive 
research has in fact shown that disability is a risk factor when it comes to fatal resi-
dential fires [1–3].

Regulatory and design guidance in emergency evacuation scenarios are often 
based on the general assumption of addressing the needs of “people with disabili-
ties” [4]. Mirroring the initiative of disability rights movements, fire safety stan-
dards have started introducing recognition that people with functional limitations 
would not only need to access a building, but also be able to have equal rights when 
it comes to fire safety [5]. Nevertheless, limited knowledge is available in this area 
[6] and oversimplifications may be performed when assessing the characteristics of 
the population.

From an evacuation perspective, the building population has often been divided 
into two main groups: those able to self-evacuate and those needing assistance [7]. 
Examples of those strategies in residential settings include the use of the defend-in- 
place strategy and areas of refuge, both relying on occupants being rescued by first 
responders [8]. The use of suitable egress components has also started being adopted 
in fire evacuation design, e.g. occupant evacuation elevators [9]. The present chapter 
focuses on the case of self-evacuation. This is in line with the premise that residen-
tial buildings should be designed in a way so that people are able to live their lives 
independently, rather than rely on help from others. For this reason, the main focus 
is here on residential settings in which people with functional limitations may live 
alone or with their family, but without a dedicated mechanism for evacuation aid in 
case of emergencies. In other words, this study considers the case in which building 
management would not provide organizational aid in case of an evacuation scenario.

It should be noted that the term egress is generally used to refer to the movement 
out of the building, while the term evacuation is specifically used in the context of 
emergencies. In the present chapter, the two terms are used interchangeably since 
the only focus of interest is movement, perception, and decision-making in case of 
emergency. In addition, the term egressibility is also adopted as it allows referring 
to the accessibility of means of evacuation.

1.1  Historical Background on Disability

Disability, impairments, functional limitations, handicap – there have been many 
ways to describe functional capacity among individuals, and the terminology is 
changing over time in accordance with different aspects of the construct and the 
way society evolves. Previously, handicap (and later disability) was considered as a 
characteristic of the individual linked to a medical condition [10]. A person who 
was born with leg paresis had a mobility disability, and a person who suffered a 
stroke might have a disability affecting fine motor skills. However, the disability 
rights movement has contributed to change the perspective towards disability. This 
includes disability not being considered as a characteristic of the person, but rather 
the inability of society to accommodate the needs of all individuals, regardless of 
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functional capacity [11]. It is therefore essential to understand the social, attitudinal, 
and environmental barriers in society linked to disability.

The way we see and define disability and the subsequent implications on fire 
evacuation can be related to different models of disability [12]. Traditionally, the 
Medical model of disability has had a large influence on collective efforts to address 
the needs of people with impairments [13]. The medical model assumes that dis-
ability can be explained through the underlying medical conditions of the individ-
ual. This means that, in order to mitigate the negative effects of disabilities, the 
individual needs to be cured. This could for example involve developing prosthetics 
for people with mobility impairments that otherwise could not independently walk 
out of a building in case of an emergency or conducting eye surgery on people with 
visual impairments who could not see emergency signage. However, not all dis-
abling conditions can (or should) be cured. In the Social model of disability, the 
characteristics of the built and social environment are considered to cause disabili-
ties. That is, it is the inability of society to accommodate the needs of people that 
creates a disability. This includes the environment (e.g. inaccessibility due to the 
type of egress components, technical installations/systems, communication, etc.), 
attitudes (e.g. prejudice, stereotyping, discrimination, etc.), and organization (e.g. 
inflexible evacuation procedures and practices). A person in a wheelchair is not 
disabled in an emergency if the escape routes do not include steps, etc., and people 
with cognitive impairments are not disabled as long as emergency way-finding is 
not too complicated to perform. However, Mike Oliver, one of the more prominent 
figures in the early days of the Social model of disability, has stated that the social 
model was never intended to be an all-encompassing model of disability [11]. 
Instead, the aim was to transform the picture of disability in society. The social 
model has had a large influence on society’s view of disability and can be applied in 
all contexts, including residential settings.

Another model that has gained interest in recent years is the Biopsychosocial 
model of disability [14]. This model combines the medical and social model and 
recognizes that disability is both a social and medical phenomenon. The biopsycho-
social model is used in the International Classification of Functioning, Disability 
and Health (ICF) developed by the World Health Organization (WHO) [15]. This 
classification aims to describe disability in terms of functioning, and not medical 
conditions. As such, the classification is diagnosis-agnostic and can be useful in 
many different fields, including fire evacuation. For this reason, this model and the 
associated term functional limitations [16] are used in this chapter. A schematic 
representation of the biopsychosocial model used in the ICF is presented in Fig. 5.1. 
This highlights the links between body function and structures (for example impair-
ments linked to cognitive functions, sensory functions and pain, neuro- 
musculoskeletal, and movement-related functions), activity (for example activity 
restrictions linked to purposeful sensory experiences, communicating, walking, and 
moving), and participation (involvement in different life situations). Those are 
related to environmental and personal factors that can affect egress. Examples of 
environmental factors include natural and human-made environments that may be 
inaccessible due to egress components, technical installations/systems, 
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Fig. 5.1 A schematic representation of the International Classification of Functioning, Disability, 
and Health. (Redrawn from Ref. [15])

communication, etc.; attitudes such as prejudice, stereotyping, discrimination, etc.; 
and services, systems, and policies such as inflexible evacuation procedures and 
practices. Personal factors include, for instance, age, past experience, etc.

1.2  Chapter at a Glance

This chapter highlights the benefits of using the ICF in the egress context. Regulatory 
frameworks and ethical aspects related to people with functional limitations are also 
discussed in the context of residential fires. The issues linked to egress are presented 
within the framework of the engineering egress timeline [17], which is commonly 
adopted in the fire safety engineering world for the study of the required safe egress 
time (RSET) (intended here as the time needed by building occupants to reach a safe 
place) in performance-based design. This is generally used both to provide a simpli-
fied explanation of the egress process as well as calculate evacuation times (either 
with hand calculations [18, 19] or modelling tools [20]). The chapter then intro-
duces how evacuation activities can be linked to ICF, presenting a list of key activi-
ties based on ICF, which can be connected to egress. This is deemed useful as it 
allows identifying how the accessibility and egressibility domains can be connected 
to each other and the benefits of getting familiarized with the ICF for fire safety 
stakeholders. The chapter then presents a set of quantitative and qualitative informa-
tion related to the evacuation of people with functional limitations. Information is 
largely based upon two reviews [6, 21] and studies aimed at addressing the egress 
perspective of people with functional limitations [22, 23]. The review studies have 
their main focus on public environments, thus they have been complemented with 
studies concerning residential settings (e.g. [1, 2, 24]). It should also be noted that 
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even data collected on public environments often contain information that are rele-
vant for residential buildings.

2  From Accessibility to Egressibility in Residential Buildings

Residential settings present a set of specific characteristics from an evacuation 
standpoint both from a building design perspective as well as concerning the popu-
lation involved. For example, building occupants may be asleep, thus creating fur-
ther delay in the evacuation process. People are generally familiar with the 
environment, but this can also create an emotional tie to the building, personal 
belongings, and other residents, potentially leading to hazardous behaviour, such as 
re-entry or reluctance to leave the property during a fire emergency [7]. In addition, 
today, many people in need of assistance live at home rather than in care facilities 
and may not be able to perform self-evacuation.

The ability of people with functional limitations to evacuate has been the subject 
of several studies in the last decades. For instance, seminal studies [25–27] have 
been performed in the late 90s concerning a set of key egress activities and their link 
with prevalence, type, and abilities of people with functional limitations. A review 
of more recent studies can be found in [4, 21]. It is evident though that the majority 
of studies have investigated individual issues in isolation, while it is well-known 
that populations may have multiple functional limitations, especially in older ages 
[6, 28]. In fact, the increase in both number and severity of functional limitations 
that is associated with the ageing process is likely to affect evacuation performance 
and the ability to perform self-evacuation [29]. It is therefore important to identify 
not only how single functional limitations can affect the evacuation process, but also 
instances of combined functional limitations. This leads to the need for a systematic 
approach in assessing individual functional capacity in relation to the egress 
activities.

For a person with functional limitations, a personal emergency evacuation plan 
can also be a relevant approach [30]. The aim of those plans is to identify specific 
needs of individuals and link those with an individual escape plan. While personal 
emergency evacuation plans may be mandated or recommended in public buildings 
by regulatory guidance [31], this may not be the case in residential buildings. In 
many cases, the impact of functional limitations can be mitigated through the assis-
tance of others. In addition, different aids that require the assistance of others are 
offered, such as movement assistance devices (e.g. stair-descent devices [32] or 
evacuation chairs [33]), buddy systems, etc. However, in a residential setting, these 
measures may be unaccompanied and self-evacuation is often the only possibility 
available to reach safety.

Progresses in the accessibility field have shown that different technical and non- 
technical solutions increase people’s possibilities to live an independent life, regard-
less of functional capacity [34]. It is therefore crucial to investigate to which extent 
the fire safety among individuals with functional limitations is addressed, and what 
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opportunities they have to evacuate independently. A key step to achieve this goal is 
reviewing the current data availability concerning the evacuation of people with 
functional limitations. This would allow identifying what we currently know and do 
not know concerning the impact of functional limitations on evacuation perfor-
mance from a quantitative standpoint and aid future research accordingly.

Several efforts have been placed over the years to provide guidance on assessing 
and addressing the needs of people with functional limitations in residential set-
tings. The accessibility field has seen a transition from the use of checklists and 
reports on home visits to more systematic assessment tools. A known example is the 
Housing Enabler [35, 36], an instrument used to perform a systematic assessment of 
accessibility in residential settings. To apply such tools to the evacuation field is 
already rendered complicated by the dynamic factors that are particular to an evacu-
ation situation, such as potential changes in the environment (circulation paths get-
ting crowded, visibility impaired by smoke, etc.) as well as the person (state of fear 
and stress affecting physical and cognitive functioning for instance). However, the 
applicability of those tools relies especially on the need to include one key variable, 
which is extremely relevant in case of evacuation: time. In fact, while accessibility 
does not explicitly take into consideration how long it will take for an individual to 
perform a certain activity, the time variable has a crucial impact on life safety during 
an emergency evacuation. It is therefore important to identify: (1) the key activities 
that take place during an evacuation, (2) how functional limitations can affect the 
ability to perform such activities including the temporal aspects of it.

3  Linking Egress Activities and Functional Limitations

A useful tool to characterize the temporal aspects linked to evacuation is the engi-
neering egress timeline (see Fig. 5.2). This is often used in fire safety engineering 
[37] to approximate the different stages of an evacuation and identify the variables 
affecting them. The engineering egress timeline is a simplification of the 

Fig. 5.2 The engineering egress timeline used in fire safety engineering. (Redrawn from Ref. 
[17, 37])
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behavioural timeline, which represents the different protective actions that people 
may undertake during an evacuation scenario. Those actions can be interpreted 
according to different human behaviours in fire theories [38–40], generally aiming 
at explaining the decision-making process of evacuees and their interactions with 
others and the environment.

The timeline can be broadly divided into three phases (detection + alarm, pre- 
movement, and movement). After fire ignition, the timeline considers a first stage of 
detection/alarm (often indicated only as alarm) in which building residents are still 
not aware of the fire. Once a deviation from normal is identified, the so-called pre- 
movement phase (sometimes indicated as pre-evacuation or pre-travel phase to indi-
cate that movement can take place during this phase) starts. This includes both the 
time to recognize what is happening (recognition phase) and the time to respond. 
The latter starts once a decision to act to reduce consequences is taken and lasts until 
the start of the purposive movement towards a safe place occur. The last phase con-
cerns movement (this is also called travel phase) and it is concluded once safety is 
reached. Functional limitations may have an impact on the different phases of the 
timeline. It should be noted that the present timeline represents the case of people 
with self-evacuation possibilities (which is the core subject at study), while different 
timelines/sequence of events may take place in case of assisted evacuation. The lat-
ter is deemed less relevant in a residential context given the fact that building resi-
dents may not have assistance always available in case of an emergency.

A recent review by Bukvic et al. [6] has linked predominant activities in terms of 
ICF as well as functional limitations with evacuation activities. According to ICF, 
activity is the execution of a task or action by an individual [15], and by predomi-
nant activities, the aspects of functioning that are required to execute the tasks or 
actions are referred to. The predominant activities include ICF block such as pur-
poseful sensory experiences (e.g. listening, watching), communicating, carrying, 
moving and handling objects, walking and moving, changing and maintaining body 
position, and applying knowledge. Those and the functional limitations (hearing, 
visual, mobility, upper extremity, cognitive and other functional limitations) were 
subsequently linked to evacuation activities (e.g. hearing alarm, seeing emergency 
cues, locating exit signs)in accordance with the engineering egress timeline, consid-
ering alarm [A], pre-movement [P], and movement [M] phases.

The suggested classification included visual, hearing, mobility, upper extremi-
ties, cognitive, and other functional limitations. A clear example is the distinction 
between mobility limitations (intended as limitations affecting the ability to move) 
in contrast with upper extremity limitations. The authors deemed relevant to split 
those aspects as the latter may affect the ability of an individual to operate doors or 
equipment, being those aspects particularly relevant in an evacuation scenario, thus 
being worthy of being analysed in isolation. In this section, a short overview of the 
key implications of functional limitations on evacuation activities in a home setting 
(based on ICF activities) is presented. This has been done by adapting the findings 
of the review by Bukvic et al. [6] for residential buildings.

Another important aspect to consider is that several life safety strategies may be 
adopted in residential settings (e.g. defend-in-place, total evacuation, phased 
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evacuation, delayed evacuation) [7]. Given the scope of this chapter, this part dis-
cusses mainly predominant activities associated with strategies including evacuation.

Hearing limitations can have a significant impact on the ability to respond 
promptly to an evacuation alarm (evacuation activity hearing alarm in [A] and [P] 
phases) [24, 41]. For example, building residents with age-related hearing limita-
tions (presbycusis) may have issues in hearing frequencies higher than 2000 Hz 
[42]. There may therefore be unwanted delays in response since alarms are often 
emitting sounds in the mid to high frequency range [24, 41–43]. In a residential set-
ting, people may also be asleep, thus hearing limitations may challenge even further 
the effective response to an alarm [44, 45]. Another aspect that may delay response 
is that fact that people may be under the influence of prescription drugs which may 
affect their likelihood to wake up to an alarm [44]. This may be addressed with 
vibrating devices for alert such as bed/pillow shakers [45]. Visual limitations would 
affect the ability of residents to see visual cues of a fire [46] (activity seeing emer-
gency cues in [A] and [P] phases). Similarly, a home fire can be sensed through 
smelling, but the impact of functional limitations on this issue was identified as a 
research gap by Bukvic et al. [6].

Visual, hearing, and cognitive limitations can affect the ability of locating exit 
signs; this activity belonging to both [P] and [M] phases. The degree of severity of 
the functional limitations of the building population has a strong impact on this 
activity and can affect the likelihood of successful implementation of an evacuation 
strategy. In fact, several research studies have investigated the design of exit signs 
for people with this type of functional limitations, such as addressing technological 
solutions to aid way-finding [27, 47–50], including the use of tactile surfaces [47]. 
While a residential setting is deemed to be a familiar environment, thus potentially 
decreasing the issues in locating exit signs and its impact on evacuation outcome, 
cognitive limitations can also be associated with difficulties in reading, understand-
ing, and interpreting information, including those in signs [50]. In contrast, visual 
and hearing limitations would have a lower impact on locating signs in a familiar 
setting, such as a residential building.

Concerning orientation, maintaining/changing direction, and finding architec-
tural elements (these activities are linked to all [A], [P], and [M] evacuation phases), 
a residential setting is deemed to present lower issues than a public building (given 
the lack of background noise that could interfere with audible way-finding systems 
and a higher degree of familiarity with the environment) for people with visual limi-
tations [48]. Nevertheless, the presence of neurogenerative disorders linked to cog-
nitive limitations (e.g. Alzheimer) would affect the ability of building residents to 
memorize the way-out of a building during a residential fire, and/or orientating 
themselves by recognising/understanding emergency cues. This in turn would make 
evacuation a challenging task even in a home environment which is deemed to be 
familiar [51, 52].

The evacuation activity communication with others/rescue services (linked to the 
[P] phase) is mostly relevant (although not exclusively) in case of a defend-in-place 
evacuation strategy rather than self-evacuation [53, 54], although hearing, cogni-
tive, or other limitations (e.g. speech impairments) may affect the ability to 
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communicate with other people present in the home environment during the fire 
evacuation emergency. This activity may also play an important role in case of evac-
uation strategies which include crowd management procedural solutions (e.g. 
phased or delayed evacuation strategies).

Visual, mobility, and upper extremity limitations can have a strong impact on the 
evacuation activity using stairs (related to the [P] phase). This is one of the most 
investigated issues in the literature on people with functional limitations [6]. People 
with visual limitations tend to move slower on staircases due to their interaction 
with the space during the navigation [7, 47, 53, 55, 56]. For instance, the identifica-
tion of the stair treads and the end of the stairs is known issue [47], although it is 
likely to be less associated with issues in a familiar setting. The design of handrails 
has been indicated as one of the key factors for people with visual and mobility limi-
tations [56]. The severity of the limitations will have a strong impact on the ability 
of people to perform self-evacuation and their eventual need for aid to use stairs [32, 
57–62]. Permanent health conditions such as cardiovascular diseases, diabetes, can-
cer, arthritis, and osteoporosis can increase the prevalence of functional limitations, 
leading to decreased mobility affecting the use of stairs [4].

A set of activities are strictly linked to mobility limitations. This includes the 
getting out of bed activity (similar issues could be found to an activity such as get-
ting out of a seat). This activity is linked to the [P] phase and is particularly relevant 
in evacuation scenarios in a residential setting as people may more often be in bed 
than in other settings. A known issue linked to this activity is the risk of falls [63] 
which may in turn delay or impede the evacuation. Other activities affected by 
mobility limitations include moving to wheelchair, moving to escape mattress, and 
moving to stair-descent devices. These activities will likely be less relevant to a 
single family dwelling (apart from moving to wheelchair), while they could be more 
relevant in apartment blocks. Those activities all refer to aids adopted to facilitate 
movement ([M] phase) and may or may not need assistance to be performed, with 
varying degree of preparation times for their use [64]. It should be noted that, if 
available, the familiarity with those devices is deemed to be higher in a home envi-
ronment than in a public setting (e.g. an evacuation chair in a residential building or 
other similar stair-descend devices [58]). Additional activities affected by mobility 
limitations include moving on horizontal, moving on incline, and traversing 90° 
bend (all related to the [M] phase). Several evacuation studies have investigated dif-
ferent conditions (e.g. with or without movement aids), leading to varying evacua-
tion performance during those activities [29, 56, 65].

In residential settings, it is less common to have elevators available for evacua-
tion. This is in contrast with public building such as high-rise buildings or under-
ground metro stations in which the use of occupant evacuation elevators is becoming 
more common, especially for people with mobility limitations [22]. It should be 
noted though that using elevators for evacuation can be challenging for people with 
cognitive limitations [52] and may also be problematic for people with upper 
extremity limitations. In any case, the using evacuation elevators activity is often 
not relevant for an evacuation in residential setting given their limited use in those 
settings.
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Visual limitations, mobility limitations, and upper extremity limitations can all 
affect the evacuation activity opening doors. This activity is generally performed in 
every stage of evacuation, so it is assumed to belong to all three [A], [P], and [M] 
evacuation phases. The use of opening devices can be an issue for blind people [43] 
and people on a wheelchair or users of other aids [66], while operating door knobs 
and/or pushing pulling doors might be an issue for people with upper extremity 
limitations [55, 65, 66].

It should be noted that there may occur evacuation activities that cannot be 
directly derived from ICF, which are impacted by functional limitations. An exam-
ple could be activities linked to attempting to fight the fire during an evacuation.

4  Data for Evacuation Design

One of the methods to perform evacuation design is to rely on engineering methods 
(including performance-based design) rather than following prescriptive design 
rules [67]. This method requires data for the study of the safety conditions of a 
building in case of fire. This includes the estimation of the different sets of values 
used to characterize the inputs for the engineering egress timeline and eventually 
calculate the Required Safe Egress Time (RSET). This data requirement is present 
for any type of building (including residential) and populations (including people 
with functional limitations). To address this issue, the handbook of the Society of 
Fire Protection Engineering (SFPE) has included a chapter [68] reporting the key 
datasets available in the literature for this purpose, covering the different phases of 
the timeline. Nevertheless, the majority of the data available in this document refers 
to people without functional limitations. The same can be said regarding general 
design values found in building codes (e.g. [69]). Following up this issue, a recent 
review was published [21] with the aim of reporting data available concerning peo-
ple with functional limitations. This is deemed to feed the developments of the 
SFPE handbook and provide aid in the design of an inclusive fire evacuation strat-
egy. Geoerg et al. [21] reviewed data concerning self-evacuation vs assisted evacu-
ation possibilities. In addition, data were reported considering the two main egress 
phases, namely pre-movement and movement phase. It should be noted that it is a 
known issue in the evacuation literature that limited data on human behaviour are 
collected concerning the initial phase of an evacuation (e.g. pre-warning delays), 
thus this is generally considered implicitly within the pre-movement phase [70]. 
This phase may be particularly important in a residential setting when considering 
those with functional limitations as they may impact their ability to receive the alert 
(regardless of its type). Further information on the detection/alarm phase can be 
found in the chapter “Smoke Alarms” of this book.
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4.1  Pre-movement Phase

Findings from Geoerg et al. [21] reported that a scarce body of literature is available 
on the impact of functional limitations on the pre-movement phase. In fact, while 
several studies have tried to characterize the pre-movement time of different popu-
lations under different conditions/scenarios [71], a very limited number of studies 
have specifically investigated populations involving people with functional limita-
tions. Given behavioural uncertainty [72], existing data show a quite wide variation 
in terms of observed pre-movement times (ranging from seconds to approximately 
30 min) [21]. It should be noted that these values are highly dependent on both the 
building under consideration as well as the population present in the building (as 
discussed when presenting the person-environment fit concept in the introduction). 
Pre-movement times are often represented making use of log-normal distributions 
to represent the set of occupants who may initiate their evacuation movement after 
a very long delay [73]. In residential buildings, people may be asleep at the begin-
ning of an evacuation emergency [44], therefore pre-movement times may be 
affected by this issue. On the one hand, this issue is deemed to be further accentu-
ated in presence of and for people with functional limitations, being a factor towards 
further delays. This issue can be associated with several actions such as extended 
time to get dressed, time to fix aids, transfer from chair/bed to aid, etc. In addition, 
attachments to belongings may result in behaviour that further delay response [74]. 
On the other hand, the familiarity with the residential environment is deemed to 
have a positive impact on pre-movement time, as people are generally familiar with 
the building and the technical installations concerning evacuation available in it 
[75]. In this context, it should also be noted that current research on people with 
functional limitations has mostly focused on the evacuation abilities with physical 
impairments in the lower body (e.g. mobility impairments), while the effect of cog-
nitive impairments is rarely investigated [76].

4.2  Movement Phase

Several quantitative studies can be identified concerning the movement of people 
with functional limitations, focusing on different aspects, such as movement speeds 
in both vertical and horizontal egress components (e.g. [21, 60, 64, 77, 78]). In addi-
tion, a relatively large number of variables are considered in the literature such as 
the geometric layout of the egress path, type of movement (unidirectional vs coun-
terflows), evacuation aids available, etc. Geoerg et al. [21] identified that the range 
of observed walking speeds that consider people with functional limitations varies 
between 0.23 and 1.95 m/s. This finding is deemed to be directly applicable to resi-
dential settings, given the fact that movement abilities would be comparable to 
those in public buildings (with the exception being linked to way-finding/route 
choice as it is deemed to be easier in a familiar residential setting and the more 
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likely presence of obstacles and floor coverings). It should be noted though that a 
residential setting need also consider the case of people not being able to move at all 
on their own, thus completely relying on assistance for evacuation movement. This 
could cause additional delays due to the need to wait for assistance and is linked to 
several factors, such as number and skills of assistors, weight of the individual being 
assisted, assistive device, carry mode, etc. Given the scope of this chapter, the read-
ers are referred to dedicated literature on this issue [79]. The difference in speed 
could be explained by several factors, such as the need for movement aid/devices or 
the general locomotion abilities of the building occupants with functional limita-
tions [80]. Nevertheless, the current data available in the fire safety domain are 
rather limited when it comes to investigate the explanatory factors of movement 
speed rather than just reporting observed values [21]. In addition, experiments per-
formed in laboratory settings are often based on several simplifications (especially 
concerning the heterogeneity of the population possibly involved in an evacuation 
[64]), thus leading to greater uncertainties when performing fire evacuation design 
for people with functional limitations.

5  Understanding the Impact of Functional Limitations

The previous sections have discussed how functional limitations represent a risk 
factor during fires in residential settings. However, less is known about why this is 
the case. It is reasonable to assume that it can partly be explained by a reduced abil-
ity to self-evacuate. Functional limitations come in many forms and shapes, such as 
limitations in vision, hearing, mobility, balance, cognition, etc.

5.1  Translating Knowledge on Public Buildings 
to Residential Buildings

Knowledge about the evacuation of people with functional limitations in residential 
buildings is limited, nevertheless research in the domain of public buildings could 
be useful. For example, Purser and Bensilum [76] investigated how people with 
various functional limitations consider their egress opportunities from historical 
buildings. The main findings of their study were that there are shortcomings in both 
the physical environment and the organization, and barriers for egress are dependent 
on the specific type of functional limitation. While organizational issues in a resi-
dential setting are generally associated with lower regulatory requirements on man-
agement, barriers are deemed to be a key issue in residential buildings as well. In 
addition, partnerships can be established between different stakeholders (e.g. fire 
services, social services, resident groups) to ensure that the guidance and support 
are available to those with functional limitations. This will translate in residents 
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with functional limitations having necessary resources (equipment and human) to 
facilitate their receiving of the alert, communicating, and effecting their evacuation 
based on the emergency plans in place [81]. Research studies have also focused on 
specific aspects of evacuation, such as risk perception [82] and the impact of infor-
mation campaigns [83], generally linking those with functional limitations rather 
than the building features, leading to non-inclusive design of the environment [84]. 
Evacuation from public buildings differs from evacuation in residential settings in 
many ways. Many older people may live alone in their homes, meaning that they 
have to rely solely on themselves in order to evacuate. Another aspect is that it is 
often the individual, or sometimes relatives or caregivers, that have the responsibil-
ity of any fire safety measures implemented, such as fire alarms. All of the above 
make it difficult to translate findings of public buildings (generally maintained by 
professionals) and residential settings. However, it is possible to identify common-
alities in evacuation behaviour of people with functional limitations from public 
buildings that can be utilized in the context of residential settings. In qualitative 
research, generalizability is often facilitated by a “thick description of the partici-
pants and the research process” [85], which enables the reader to decide if the find-
ings are transferable to another context than the one studied.

A study by Smedberg et al. [23] investigated in detail the perspectives of older 
people with functional limitations on egressibility. Although the focus was on pub-
lic buildings, several findings could be directly applicable to residential settings. 
Semi-structured interviews were conducted with 28 older adults with different func-
tional limitations to investigate their perspective on the possibilities to evacuate in 
case of emergency. The analysis was conducted using thematic analysis which is a 
well-known method to analyse qualitative data in the form of interview transcripts 
[86]. The method facilitated the construction of ‘themes’ which represent overarch-
ing patterns of meaning found in the data material. In their study, three themes were 
identified: Other people’s difficulties in understanding, Strategies to cope with the 
limitation, and Uncertainty of evacuation.

The first theme, other people’s difficulties in understanding, relates to how other 
people have issues understanding the limitation one might have, how they can help, 
and that certain types of limitations (those that are visible to others) would receive 
more consideration from others. In a residential setting, this could mean that care-
givers and others might not know how the functional limitation of people affect 
them in an evacuation (e.g. their impact on evacuation response and movement), 
and subsequently would not know which aids are most adequate in such a situation. 
Nevertheless, in a residential setting, it is likely that this issue would be less promi-
nent given the fact that family members would know exactly what functional limita-
tions the individual has. This highlights that not only a caregiver or in general a 
person providing help would need knowledge of fire safety, but also of functional 
limitations, in order to suggest aids that would be helpful for a person with func-
tional limitations during an evacuation.

The second theme, strategies to cope with the limitation, includes strategies, 
such as the person with a functional limitation adjusting their behaviour, avoiding 
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inaccessible environments, using others, using the other senses, accepting the limi-
tation, and pushing through. In residential settings, many of the above- mentioned 
strategies revolve around adjusting the personal component in the person- 
environment fit paradigm [87]. It is fair to assume that, in a residential setting, more 
effort would be aimed towards reducing environmental demands (such as removing 
thresholds, removing doors, etc.) since this is an environment encountered on a 
daily basis. The risk is however that fire safety is not included in the adaptation of 
the home environment because fire is not seen as a priority issue [88]. People with 
functional limitations encounter accessibility issues on a daily basis that need to be 
addressed, but fire and subsequent evacuation events can be seen as rare events. As 
someone is aging and functional ability declines [89], aspects not encountered on a 
daily basis are easily forgotten. The following excerpt from the above-mentioned 
study [23], extracted from an interview with an 78-year-old male with limitations in 
lower body movement, highlights this issue:

Participant: “Yes, no I do not know... I am thinking about this and I guess I have thought 
about it myself as well, where I on the second floor have... the possibility to use a rope to 
climb down. And when I put it up 20 or 30 years ago, it wasn’t weird, and I tried to climb it 
as well without issues. Today it would be significantly more difficult. I may come out... but 
how I get down I do not really know.”

Even though this is purely anecdotal, it highlights some of the issues related to 
evacuation that may be found in the homes of older people. As people age, fire 
safety at home needs to be continually updated to fit the personal capacity of the 
individual. Such interventions could be facilitated through individualized fire safety 
interventions (see the chapter Targeted Interventions towards Risk Groups), recur-
ring home visits by fire safety experts, occupational therapists, or other experts.

Uncertainty of evacuation, the third theme, reflects many of the uncertainties 
associated with the unusual situation of evacuation. In the study, many uncertainties 
relate more closely to public buildings, such as the uncertainty about the behaviour 
of others. However, participants reported uncertainty also in relation to the assess-
ment of their own behaviour. This is likely linked to lack of understanding of the 
risks and lack of preparation [90]. The participants also stated that they generally 
did not worry about evacuation. The study argues that information campaigns 
addressing how evacuation from the home environment might develop would be 
helpful in aiding people, and in particular people with functional limitations, to bet-
ter prepare for such situations. Another study, which coincidentally was conducted 
in the midst of a major disaster (the Kobe earthquake of 1995), found that the per-
ceived ability to escape from the built environment decreased post-event [91]. So 
the fact that the participants in Smedberg et al.’s study [23] stated that they did not 
worry about evacuation should not be seen as an indicator that they in fact were 
well-prepared.
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6  Discussion and Conclusion

To date, several steps are still missing towards the goal of an inclusive egress design, 
as limited attention is given to how elderly householders, especially those with lim-
ited mobility, would escape in the event of a fire [92]. First, it is necessary to move 
completely away from the medical model of disability in fire evacuation safety and 
transition towards more recent approaches that look more closely at enabling an 
equal egress without stigmatizing the needs of people with functional limitations. 
Second, to enable improvements towards an equal egress design of building, several 
research efforts are needed in the characterization of different populations and their 
interaction with the environment and technical/procedural evacuation solutions. 
Third, regulatory provisions should be reviewed in order to address in more detail 
the specific situations that different individuals with functional limitations may 
face. For example, potential areas in which regulatory changes could have a positive 
impact on the evacuation of people with functional limitations include provisions 
regarding inclusive alarm systems and the design of vertical evacuation means (e.g. 
stair design). While this process is ongoing and has done great progress in related 
fields (e.g. accessibility), fire evacuation safety seems to lag behind in a more com-
prehensive assessment of the individuals and the subsequent needed provisions to 
provide equal egress.

The studies discussed in this chapter can be used to identify the current state-of- 
the-art of egress of people with functional limitations in residential settings. This 
chapter highlights the need for a paradigm shift in the way egressibility is approached 
in fire safety at home. This includes moving away from generalizing this issue with-
out considering the person-environment fit and addressing the interaction between a 
variety of functional limitations and egress activities. In addition, it appears evident 
that most research has so far focused largely on addressing mobility limitations, 
particularly on the movement phase, rather than providing a systematic investiga-
tion of all phases of the engineering egress timeline in relation to different func-
tional limitations. In fact, investigations regarding the evacuation performance of 
people with functional limitations generally put an overemphasis on trying to char-
acterize the population in terms of physical attributes such as movement speeds, 
especially in relation to quantitative research [84]. Limited research is conducted 
regarding the role of the environment and the presence of environmental barriers 
[84]. Recognizing that egressibility should be seen as a person-environment fit, 
there is little use in trying to measure the capabilities of people with functional limi-
tations without considering to the full extent the environment in which the investi-
gation takes place. Drawing parallels to other domains of human behaviour in fire 
research, there is a difference in trying to measure the walking speed of individuals 
in a smoke filled environment [93] and identifying design solutions aimed towards 
improving way-finding in such environments [94, 95]. It should be noted that the 
present chapter has fire engineers as primary (although not exclusive) target audi-
ence, thus the main emphasis has been placed here on identifying data availability 
rather than providing a full review of design and technological solutions for people 
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with functional limitations. The readers are referred to dedicated studies (e.g. [45, 
58, 79]) concerning this issue.

In a residential setting, people may be at home without assistance, thus self- 
evacuation possibilities are a key issue to be addressed. Considering people with 
functional limitations as a homogenous group that should be addressed in a single 
evacuation strategy or design solution is a commonly adopted approach, the work 
presented here highlights how this is likely not the best approach. This leads to the 
need for an interdisciplinary approach to address both improvements in design as 
well as partnerships with the different stakeholders which could contribute to a safer 
residential environment [81].

Regarding research gaps, to date, very limited information is available on the 
impact of functional limitations on the ability of people to sense smoke. This is 
surprising given the fact that smelling smoke is one of the key signatures to detect a 
fire and initiate protective actions, especially in a home environment [96, 97]. This 
is particularly relevant since deteriorating smell is also significantly associated with 
cognitive decline [98]. Another identified issue is that the process of ageing is often 
linked to a decrease of cognitive abilities, which in turn potentially affect several 
evacuation activities and increase risk behaviours [81]. In contrast, this type of limi-
tations is the least investigated in the literature (often with a very limited number of 
participants in the studies conducted [51, 52]). This is probably associated with the 
ethical issues associated with conducting research with people with cognitive limi-
tations (e.g. they may be unable to provide informed consent [99]). Another impor-
tant aspect that needs further research is the study of the impact of cognitive 
limitations on the ability to communicate with others/rescue services during an 
emergency [100]. No dedicated research could be identified on the impact of speech 
impairment on the ability to communicate during an evacuation scenario.

In addition, there is a clear lack of qualitative research addressing functional 
limitations and egress in the residential setting. By collecting information from the 
source, i.e. people with functional limitations, important insights as to why they are 
vulnerable can be unveiled. Examples of such information could be linked to the 
identification of evacuation processes, actions, or procedures that may not be pos-
sible (or difficult) to perform by people with functional limitations. In addition, it is 
possible to obtain information concerning expected behaviour in their home situa-
tions [90]. Future research could focus on different types of functional limitations 
and how these affect the perceived ability to self-evacuate. Other aspects to investi-
gate would be which aspects of the home environments are seen as barriers to 
egress, including the level of preparedness of those with functional limitations and 
other relevant factors. To address this issue, a qualitative approach with the user in 
focus might help to identify effective ways of improving egressibility at home.

In conclusion, this book chapter introduced the key concepts concerning the 
egress of people with functional limitations in residential settings. An overview of 
quantitative and qualitative literature has been performed along with a characteriza-
tion of the possible impact of functional limitations on the engineering egress time-
line. The framework of the International Classification of Functioning, Disability 
and Health has been connected to evacuation activities concerning residential 
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settings to demonstrate the impact of functional limitations on the timeline. This 
chapter is deemed to provide a set of useful information for those interested in fire 
evacuation of people with functional limitations and shed lights on the specific 
aspects, which need to be taken into consideration to perform an inclusive design.
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Chapter 6
Fire Safety Surveillance: Theoretical 
and Practical Challenges

Colin McIntyre and Anders Jonsson

Abstract There is a long history of the systematic collection and analysis of data 
to inform public health policy. The World Health Organization (WHO) defines pub-
lic health surveillance as “An ongoing, systematic collection, analysis and interpre-
tation of health-related data essential to the planning, implementation, and 
evaluation of public health practice.” 

The aim of this chapter is to identify important aspects of a coordinated approach 
to fire safety surveillance. If the theoretical and practical challenges identified in the 
chapter can be overcome and the various components of such a system put in place, 
it could lead to better-informed decision making and hopefully over time help to 
improve residential fire safety.

The material on definitions presented in this chapter is based on what has been 
learned when studying fatal fires and fire deaths in Sweden. In the immediate after-
math of the fire at a Halloween party in Gothenburg in 1998 where 63 teenagers died, 
it was decided that the central fire authority should work systematically to access all 
data concerning fatal fires known to the fire service, police, forensic pathologists, 
road accident investigators, national burn centres, and the health authorities.

The authors also relate to experiences gained from cooperation on fire statistics 
among the Nordic countries and Estonia. The definitions used in these countries are 
compared with descriptions and definitions in national fire statistics from Great 
Britain and the USA.

Keywords Surveillance · Fire statistics · Residential definition · Fire definition · 
Fire death definition · Fire injury measurements
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1  Potential Uses of Fire Safety Surveillance Data

There is a long history of the systematic collection and analysis of data to inform 
public health policy. The World Health Organization (WHO) defines public health 
surveillance as “An ongoing, systematic collection, analysis and interpretation of 
health-related data essential to the planning, implementation, and evaluation of 
public health practice” [1].The WHO description of public health surveillance can 
easily be translated to the context of fire safety, which would benefit from an ongo-
ing, systematic collection, analysis, and interpretation of fire-related data needed for 
the planning, implementation, and evaluation of fire safety practice.

In a study of the effectiveness of an intervention where domestic smoke alarms 
were provided to residents in a specific part of Oklahoma City [2], it was noted that 
surveillance data had been used in several studies to identify populations at high risk 
of injury or death from fire. However, surveillance data had rarely been used for the 
implementation and evaluation of programs aimed at reducing fire-related injuries.

Various actors could use surveillance data to inform decision-making concerning 
many different aspects of fire safety.

It is desirable to have products and buildings with a good fire safety record. It is 
also desirable that people behave in a way that minimises fire risk and act in the best 
possible manner in the unlikely event that a fire breaks out. If they cannot put the 
fire out themselves, then it is important that the fire service can get there reasonably 
quickly and use best practice to save lives and extinguish the fire with a minimum 
of damage to property and long-term effects on the environment.

Ideally, surveillance data would enable us to identify products which have started 
fires and show when fire safety aspects of the building regulations do not perform as 
expected.

It is important that surveillance data help us to identify vulnerable groups and 
learn how their behaviour puts them at risk of starting a fire. It is also important to 
know how they behave when threatened by fire.

The fire service wants to optimise the fire cover they provide in their area of 
responsibility. To do that, they need to identify the best locations for their fire 
stations and the most appropriate manning levels. In order to do this, they need to 
analyse where and when fires occur, as well as the people and building types 
involved. Surveillance data should be able to provide the information necessary for 
such risk analysis, when combined with geographical data from other sources.

Ideally, surveillance data will also provide information about fire outcomes – 
who is killed or injured and how – as well as levels of property damage. This infor-
mation will help firefighters learn the most effective ways to extinguish fires. Good 
data on fire outcomes and vulnerable groups will also help politicians decide on an 
appropriate level of fire safety to aim for, either nationally or in the local community.

In several countries, the fire service does outreach to meet vulnerable people in 
their homes and give advice about fire safety. Surveillance data should help the fire 
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service to identify which kinds of people to make the top priority for visits, and 
what information they need to hear when they open the door.

To summarise, the goal of surveillance data is to inform the wide range of work 
to prevent fires from starting as well as all the work to minimise the negative effects 
of the fires which, despite our best efforts, still occur.

2  Desirable Features of a System for Fire Safety Surveillance

Ability to Separate Data on Residential Fires
Most fire-related deaths and injuries occur in a residential setting, so it is important 
that a surveillance system allows the analysis of data relating specifically to residen-
tial fires.

Data from the Most Reliable Sources
Many countries rely on data from the fire service to inform fire safety policy. Fire 
officers know how fires behave in general, and at a specific fire incident they know 
what actions they took and how they influenced the development of the fire.

However, fire officers cannot be considered a reliable source of data concerning 
fire outcomes in the form of injuries, property damage, and environmental 
degradation.

In addition, it must be remembered that the fire service is not called to all resi-
dential fires. Fire service data cannot provide a complete picture of fire incidence in 
a residential setting. In order to get a comprehensive understanding of fire inci-
dence, it is necessary to obtain data from other sources such as insurance compa-
nies, as well as surveys, to estimate the incidence level of residential fires and the 
proportion of the various kinds of residential fires which are to be found in fire 
service and insurance statistics.

The ideal surveillance system would combine data from the most reliable sources 
to provide a comprehensive view of the residential fire problem.

Data from Existing Administrative Systems
It is very expensive to build up new dedicated systems for data collection. It is much 
more cost-effective to acquire data from existing administrative systems. For exam-
ple, in many countries the fire service is required by law to record what happened 
and what actions were taken after each emergency response. These incident reports 
are stored in a local or national records management system. Medical procedures in 
hospitals are well-documented, including external causes of any injuries. Insurance 
companies have systems for the administration of claims after fires. In Sweden, 
there are also regulations on the documentation of health status and actions taken by 
the ambulance service.
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Acquiring data from existing systems minimises the burden of recording data. 
No one wants to waste time recording similar data in two parallel systems.

One challenge when using data from existing sources is that data objects are 
primarily intended for administration and do not necessarily correspond to what is 
needed in a statistical analysis. There are also challenges in matching data from 
various datasets.

3  Data Sources for Fire Safety Surveillance

3.1  Fire Service Incident Reports

In the Nordic countries, incident reports from the fire service contain a lot of useful 
information on the fires which they attend. These data include where and when the 
fire occurred, together with an assessment of the fire cause. Several countries 
describe the size of the fire on arrival and its subsequent spread in a simple qualita-
tive scale. The incident reports also contain an assessment of injuries caused by the 
fire and some also have descriptions of actions taken by the fire service to rescue 
people threatened by the fire as well as the methods used by the fire service to extin-
guish the fire.

3.2  Investigations After Fatal Fires

Fatal fires warrant a more thorough investigation than other, less serious fire events. 
Usually, the police will be involved to ascertain whether a crime has been commit-
ted, and if so, to gather evidence for a future court case. Whether or not crime is 
involved, people working with fire prevention, protection, or emergency response 
will benefit from a more detailed understanding of the cause of the fire, how it could 
develop to become life-threatening, and how rescue attempts could have been more 
effective.

Occasionally, a fire occurs after a road crash. Sometimes a crash victim would 
have survived any impact injuries, but the victim is trapped in a burning vehicle. 
Research shows that in Sweden, on average about five road crash victims per year 
die in post-crash fires [3]. This would indicate that the help of road accident inves-
tigators is needed if our aim is a comprehensive dataset on all fatal fires.

3.3  Data from Forensic Pathologists on Fire-Related Deaths

It is often far from easy to ascertain the cause of death when someone dies in con-
nection with a fire. Some visible injuries may have occurred after the moment of 
death. It is unreasonable to expect fire officers, police investigators, or ambulance 
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personnel to provide reliable information. However, in most countries, forensic 
pathologists investigate all non-natural deaths and they are often able to assess 
whether the death was caused by burns or toxic gases. They can often see if the 
victim has been exposed to smoke before death occurred. They can also provide 
data on blood alcohol levels and the presence of medicines or narcotics in the body.

All of this is invaluable knowledge if the aim is to reduce the number of 
fire deaths.

The Swedish National Board of Health and Welfare maintains a cause of death 
register. This contains data on all people who die in Sweden and, when available, 
data on Swedish residents who die in foreign countries. However, when comparing 
fire deaths in the three major data sources, it was apparent that the cause of death 
register does not provide useful data for fire safety over and above that which is 
available from the forensic pathologists [4].

3.4  Data from Ambulance Service

The ambulance service record data on patients who are taken to hospital from the 
scene of a fire. In particular, the ambulance personnel are much better qualified to 
assess the severity of a fire victim’s injuries than fire officers.

In Sweden, ambulance personnel use the Rapid Emergency Triage and Treatment 
System (RETTS) for the triage of patients [5]. The system categorises patients into 
one of four colours based on the seriousness of the injury and risk of 
complications:

Red – Life-threatening condition, acute care
Orange – Serious condition/suspicion of serious condition
Yellow – No acute signs of life-threatening conditions, a need for investigation
Green – No acute signs of life-threatening conditions, no need for investigation

3.5  Data from National Patient Register 
on Fire-Related Injuries

Many countries maintain a national patient data repository with comprehensive data 
on diagnoses, external causes of injuries, and procedures for hospital in-patient 
care. WHO has a standard for the international classification of diseases (ICD). At 
present, most countries record data according to the tenth revision (ICD-10). The 
eleventh revision will come into effect in 2022, but it will take several years before 
it is implemented in most countries. ICD-10 has specific codes for fire-related inju-
ries in Chap. 20, External causes of morbidity and mortality [6]:
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Accidents, Exposure to smoke, fire, and flames (X00-X09):

X00 Exposure to uncontrolled fire in building or structure
X01 Exposure to uncontrolled fire, not in building or structure
X02 Exposure to controlled fire in building or structure
X03 Exposure to controlled fire, not in building or structure
X04 Exposure to ignition of highly flammable material
X05 Exposure to ignition or melting of nightwear
X06 Exposure to ignition or melting of other clothing and apparel
X08 Exposure to other specified smoke, fire, and flames
X09 Exposure to unspecified smoke, fire, and flames

Intentional self-harm

X76 Intentional self-harm by smoke, fire, and flames

Assault

X97 Assault by smoke, fire, and flames

Event of undetermined intent

Y26 Exposure to smoke, fire and flames, undetermined intent

Code positions four and five are intended to cover various general activities and 
locations. Unfortunately, when studying Swedish data, we have observed that qual-
ity in positions four and five is not always satisfactory, which among other things 
makes it difficult to identify injuries due to residential fires.

It is important to note that accidental exposure to smoke, fire, and flames includes 
separate codes for controlled fire.

3.6  Data on Fire Insurance Claims from Insurance Companies

It is important to consider economic losses due to fire when making decisions about 
investments to improve fire safety.

In several countries, fire service incident reports for building fires include a ques-
tion on fire spread – the fire may be contained in the item of origin, room of origin, 
fire cell of origin, building of origin, or spread to other buildings. This provides a 
very rough indication of economic losses due to the fire.

Some countries, such as Finland, go further and get fire officers to estimate the 
economic losses due to a fire. However, it would appear unreasonable to expect a 
fire officer with little or no specific training to do something that can take months 
for specialists employed by insurance companies.
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In the British Incident Recording System (IRS) [7], fire officers estimate the 
horizontal area of the building that was damaged by flame and/or heat. It is presum-
ably hoped that this indirect measure provides a more reliable indication of the level 
of economic losses than a direct estimate by a fire officer.

The most comprehensive and reliable source for loss data would be the insurance 
companies.

Insurance data focus on claims, not fire events. Insurance data are recorded per 
claim and cannot easily be aggregated per fire. One fire can give rise to several 
claims, and these may be spread over various insurance companies.

The fire-related data from insurance companies are based on claims according 
to the fire clause in an insurance policy. In Sweden, the fire clause generally 
includes damage due to electrical faults in equipment which did not actually  
start a fire. Electrical faults without fire make up a significant proportion of the 
smaller claims, and this is particularly marked in years when there are many 
thunderstorms.

When studying insurance payments, it must be remembered that a claimant  
may face costs which are not covered by the insurance policy, and that most  
policies include an excess (an amount which is deducted from any insurance 
pay-out).

Regarding residential fires, it must be remembered that not all homes are  
insured.

In the past, the central fire authority in Norway has matched insurance pay-outs 
with fire service incident reports. The insurance companies were obliged to provide 
data on all pay-outs over a certain threshold.

3.7  Investigations After Residential Fires

It is clear that human behaviour plays a major role in how fires start, as well as the 
chances of an individual escaping from the fire, rescuing others threatened by the 
fire, or even extinguishing the fire before the fire service arrives.

Detailed information on people who experience a fire, their behaviour, and the 
factors which influenced their decision making is not recorded in fire service inci-
dent reports. It would therefore be valuable to carry out investigations after residen-
tial fires to collect this vital information.

In recent years, projects have been undertaken in both the UK and Sweden to 
collect more data on human behaviour in residential fires (Sect. 5.3).

6 Fire Safety Surveillance: Theoretical and Practical Challenges



96

3.8  Surveys on Residential Fires

Surveys can be used to study fire incidence in the home. However, fires in the home 
are relatively rare events, so an extremely large sample is needed to give reliable 
estimates of fire rates. If the survey is carried out in the form of a questionnaire, then 
non-response can be a significant problem. Response rates to questionnaire surveys 
have dropped markedly in recent years.

Since 1996, the central fire authority in Sweden has commissioned questionnaire 
surveys addressed to those aged between 18 and 79 roughly every five years. The 
latest study from 2018 shows that the fire service was called to about 51% of all resi-
dential fires, and an insurance company was involved after 44% of all residential 
fires [8].

In the Swedish survey, the fire service extinguished 37% of all residential fires. 
It is interesting to compare the Swedish estimate with the latest interview-based 
English Housing Survey from 2016 to 2017 [9] where 25% of residential fires were 
put out by the fire service. It should be noted that “fire” is not defined in the Swedish 
survey, whereas in the English survey interviewees were advised that “fire” means 
all sorts of fires, including chip pan fires and very minor fires and also fires in sheds, 
garages, or greenhouses on your property.”

These two surveys indicate a much higher involvement of the fire service in resi-
dential fires compared with the 2004–2005 telephone survey of unreported residen-
tial fires in the USA [10]. Here it was estimated that only about 3.4% of residential 
fires were attended by fire departments. Fire in this survey was defined as ”any 
incident – large or small – that resulted in unwanted flames or smoke, and could 
have caused damage to life or property if left unchecked.” 

Fire service and insurance company involvement in residential fires, 
Sweden 2013-2017

Residential fire in period 2013-2017

Fire service

Insurance 
company

41%

8%

36%

15%
Fire service and
Insurance company

Neither fire service 
nor insurance
company involved

Source: questionnaire survey for MSB by Statistics Sweden, 2018 
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4  Definitions

When comparing data from different sources within a country, or similar sources 
from different countries, it is important to know what definitions have been used in 
the various datasets. Similar terms can be used, but with different meanings. Even 
with similar terms, inclusion and exclusion criteria can differ significantly.

Clear definitions are important for comparing data from different sources, but are 
also vital for consistent reporting over time in any particular organisation. Without 
definitions to refer to, there is an obvious risk of interpretations of terms changing 
over time, in particular when new personnel are brought in to record or check 
the data.

For the surveillance of residential fire safety to be meaningful, there must be 
agreement on the central terms “residential” and “fire” as well as the negative out-
comes that characterise a lack of fire safety, such as “death” and “serious injury.”

Everyone has an intuitive understanding of what is meant by these terms. It is 
only when faced with borderline cases that two things become apparent. The first is 
that a logically sound theoretical framework is required for identifying which vari-
ables are most relevant for ongoing collection and analysis. The second is that when 
choosing appropriate variables, it is important to take into account the many practi-
cal challenges that arise when trying to capture your own data or access data from 
another organisation.

Data collected in the incident report forms used by the fire services in different 
countries vary according to what information is considered important to record and 
follow up. It could be expected that a small number of the most central variables 
would be common across all countries, but even with a common variable, the defini-
tion often varies or differences in the values that the variable can take make com-
parisons problematic.

This makes it very important to have clearly formulated definitions in any statis-
tics. In particular, inclusion and exclusion criteria must be transparent for every 
definition.

Over the last 15 years, the central fire authorities in the Nordic countries have 
made efforts to improve comparability in their fire statistics and publish a common 
dataset [11]. In recent years, Estonia and Latvia have joined the work.

Despite cultural and climatic similarities between the Nordic and Baltic states, it 
is still a major challenge to identify a common core of data which allows reliable 
comparisons between the participating nations.

4.1  Definitions of “Residential”

What constitutes a home varies considerably between countries. It is therefore 
unsurprising that what is understood by the term “residential” also varies.
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Winters in Sweden are generally colder than many other European countries. It 
is presumed that everyone has their permanent residence in a building. In the 
Swedish context, it is reasonable to consider residential fires as a subset of build-
ing fires.

This is in contrast to the UK or USA where a residence does not need to be a 
building. It is considered sufficient for the home to be in a “substantial structure” – 
for example a mobile home, caravan, or houseboat. However, a tent would not nor-
mally constitute a substantial structure.

Many people in the Nordic countries own or rent a summer cottage. While these 
are not normally considered their permanent residence, people can live in them for 
prolonged periods. In some cases, the owner improves the insulation, heating, and 
other facilities and the summer cottage becomes their permanent residence. It would 
be impractical for the fire service to differentiate between cottages for permanent 
residence and those only used on a temporary basis. Fires in all private summer cot-
tages are therefore classed as residential fires. However, it should be noted that huts 
on a campsite would not be considered residential buildings.

The Swedish building regulations categorise buildings according to certain prop-
erties which influence fire safety. For example, it is expected that a person can find 
their way around a residential property. It is important to have a much stricter regu-
lation of hotels, where it is much more difficult for guests to self-evacuate, as they 
would be trying to find their way out of an unfamiliar building. In Sweden, you 
would not expect people to have a hotel or guest house as a permanent residence and 
a fire in a hotel is not considered a residential fire.

This is in contrast to the USA, where some people live for prolonged periods in 
a hotel. Hotel fires are therefore classified as residential in the US Fire 
Administration’s National Fire Incident Reporting System (NFIRS) [12].

The term “Dwelling” in English law refers both to the main house on the property 
and any outbuildings such as garages or sheds.

A significant proportion of all fires classified as “residential” in the Swedish 
statistics take place in outbuildings such as free-standing garages, saunas, or sheds. 
These fires are classified differently in the other Nordic countries and must be 
excluded for comparisons of residential fires in this region.

Many fires in blocks of flats take place in stairwells, cellars, or attics. Should 
these be considered residential fires?

One of the biggest challenges when comparing residential fire statistics is the 
variation in how institutional contexts are classified. For example, there is some 
confusion in the fire service when coding incidents in homes for the elderly. These 
can range from normal houses or apartments (with or without home help), to apart-
ments in sheltered housing, to apartments in care- or nursing homes.

Clearly, incidents in normal houses or apartments should be considered “residen-
tial,” as should sheltered housing, even if there are shared facilities such as dining 
rooms. In Sweden, residents in care- or nursing homes often rent their apartment, so 
it is not unreasonable to consider this a residential context. However, in the Nordic 
fire statistics cooperation, care- or nursing homes with staff on call 24/7 are classi-
fied in the “health care” category rather than “residential.” A similar approach is 
used in NFIRS.
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4.2  Definitions of “Fire”

The International Organization for Standardization in ISO 13943:2017(en) defines 
fire as a “process of combustion characterised by the emission of heat and fire efflu-
ent and usually accompanied by smoke, flame or glowing or a combination 
thereof.” [13]

According to the National Fire Protection Association, the combustion reaction 
can be characterised by four components: the fuel, the oxidizing agent, the heat, and 
the uninhibited chemical chain reaction [14]. These four components are often 
referred to as the fire tetrahedron. Fuel can take many forms, but in most fires the 
oxidizing agent is oxygen in the surrounding air. Heat is needed to produce fuel 
vapours and cause ignition. The uninhibited chemical chain reaction ensures that 
sufficient excess heat from the exothermic reaction radiates back to the fuel to pro-
duce more vapours and cause ignition in the absence of the original source. The 
process will be self-sustained, allowing the fire to propagate, as long as the fuel or 
oxygen supply does not run out.

Fire can be described as a self-sustained combustion process. However, in a 
Swedish context, two additional conditions are implicit in the understanding of the 
term “fire”: the lack or loss of control over a combustion process and negative 
consequences.

Unlike English, the French, German, and Scandinavian languages all have differ-
ent words for controlled and uncontrolled fire.

This is dealt with in ISO 13943:2017(en) by going on to define controlled fire as 
“self-supporting combustion that has been deliberately arranged to provide useful 
effects and is limited in its extent in time and space” and uncontrolled fire as “self- 
supporting combustion that has not been deliberately arranged to provide useful 
effects and is not limited in its extent in time and space.”

The challenge when defining “fire” is to get agreement on which combustion 
processes should be considered to constitute a fire. If “fire” includes the concept of 
a negative consequence, then there must also be agreement on the level of injury or 
damage that must be caused to say that a negative consequence has occurred.

When studying data from various national fire services, it is important to note 
that some countries require an open flame for the event to be considered a fire.

In Sweden, a flame is not a requirement for an event to be classified as a fire. A 
less rapid oxidation where the temperature does not rise above the ignition point 
may only give rise to charring, but a smouldering fire is still considered as a fire, as 
long as it results in damage of some kind.

A smouldering fire is a slow process. There are other combustion processes 
which occur very rapidly. For example, a dust explosion can take place when a solid 
substance is finely divided and mixed with air. In unfortunate circumstances, an 
ignition source such as a spark can ignite some dust particles which heat up the sur-
rounding particles and start a very rapid chain reaction. This is a similar principle to 
a fire in other solid materials, but the speed of the process means that it is most often 
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perceived as an explosion rather than a fire. Should dust explosions be considered a 
special case of a fire event?

In some fires, a flammable liquid is used as an accelerant to ensure the rapid 
development of a fire. However, sometimes the liquid evaporates quickly and the 
combustion of the vapour cloud occurs instantaneously in the form of an explosion 
and fails to ignite other surrounding material. Should an explosion of flammable 
vapours which does not start a more prolonged fire be considered a fire event?

Does the definition of a fire as a lack of control over a combustion process cause 
a problem when considering intentional fires? From the fire setter's perspective, the 
damage caused by the fire was a desired outcome. However, the arsonist has pre-
sumably little or no control over the fire’s development once it has been started and 
so even intentional fires can be considered to constitute a fire event.

From a perspective of monitoring fire safety, it is important to be able to differ-
entiate between accidental and intentional fires, as they demand completely differ-
ent approaches to prevention.

Self-immolation is a specific kind of intentional fire which is important to follow 
up. It is not uncommon for such fires to take place without the fire service being 
called out. When all known fire-related deaths in Sweden were studied systemati-
cally, it became apparent that the fire and rescue service are unaware of about 20% 
of all deaths, and many of these were the result of self-immolation [4]. It would 
appear that self-immolation is more common than generally assumed, but often 
passes unremarked in Sweden and presumably many other European countries. It 
should be noted that the majority of these cases take place outdoors or in stationary 
cars, and only a small number can be considered residential fires.

If a fire is defined as a lack of control over a combustion process, does this 
include events where people are injured or die due to the toxic effects of combustion 
products? This could be caused by incomplete combustion in a faulty gas-powered 
heater or fridge, a flue which leaks combustion products into a room, or a charcoal 
grill which is placed in a room or tent.

There has clearly been some lack of control of a combustion process, but in the 
Nordic countries this would not be considered to constitute a fire.

Perhaps the greatest challenge when comparing fire service statistics from differ-
ent countries is the various ways of classifying fire-related call-outs. There is a slid-
ing scale of incidents:

 – Events with no risk of combustion
 – Events with the risk of a limited combustion process but without the potential to 

cause damage
 – Events that give rise to a combustion process which could have damaged prop-

erty or health, but where the chain of events was broken before any damage 
took place

 – Fire events where a combustion process caused property damage or injury, but 
the fire was extinguished before the fire service arrived
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 – Fire events where the fire was still burning when the fire service arrived and the 
fire resulted in property damage or injury

These fire-related events are not classified in the same way by the fire services in 
the various Nordic countries. Classification problems are most apparent for chim-
ney fires without fire spread and fire-related events in the kitchen – often with a 
hot-plate or microwave oven as heat source.

Another potential source of confusion is the term “fire incident.” It can be taken 
to mean a fire event which the fire service was called to. It can also be understood in 
a different way: a fire event with the potential for negative consequences, where 
those consequences were avoided due to fortunate circumstances or a quick and 
effective response by people in the vicinity.

4.3  Definitions of “Fire Death”

There are large differences between what constitutes a fire death in the statistics 
published by the fire authorities in different countries.

It is not the term “death” which is problematic. The problems lie in how directly 
the fire caused the injuries that led to the death and how much time is allowed to 
pass between the fire and the death.

All countries agree on deaths due to a fire's toxic or thermal properties. 
Differences arise when considering deaths due to injuries sustained in other ways, 
for example when a building which is exposed to fire collapses, or when jumping 
from a window in an attempt to escape from a fire.

Sometimes people are injured when escaping from a fire in a crowded space. In 
Estonia, a death due to injuries sustained in a crush when trying to escape from a fire 
would be considered a fire death.

According to the definitions used in the British IRS, fire-related fatalities are 
those that would not have otherwise occurred had there not been a fire. On first 
inspection, this sounds reasonable, but is it really appropriate to classify a death in 
a road accident caused by a fire crew on their way to a fire as a fire-related death?

Different countries have different maximum allowed timeframes between expo-
sure to the effects of a fire and the moment of death. A time limit of 30 days is 
quite common.

In principle, it would be best not to have any time limit. If the injuries sustained 
in a fire led to death, then it should be counted as a fire death however long the delay. 
Unfortunately, this is impractical. It is difficult to follow up specific patients over 
time, in particular if there are periods when they are allowed to go home in between 
getting treatment in hospital. In addition, the longer a patient survives, the greater 
the probability of dying in the meantime of something unrelated to the fire. In 
Sweden, the Civil Contingencies Agency (MSB) has decided to follow up individ-
ual patients for 90 days. Over the past six years, MSB are only aware of one patient 
who has died between day 31 and day 90.
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4.4  Definitions of “Fire Injury”

Fire service statistics often have a grading of injury levels, for example “serious” 
and “minor,” but it is unclear how a fire officer without medical training can make a 
reliable assessment of the injury level of a particular individual. In Sweden, all they 
know is whether an injured person left the fire scene in an ambulance or received 
treatment at the fire scene. Privacy regulations prevent ambulance personnel getting 
back to the fire service after a fire incident to let them know about a victim’s injuries 
and whether the victim was admitted to hospital as an in-patient.

In the Swedish context, it would seem appropriate to define a minor injury as 
someone who received treatment from ambulance, fire service, or police personnel 
at the scene of the fire. The simplest definition of serious injury would be someone 
who left the fire scene in an ambulance. However, they might be treated as an out- 
patient in an emergency facility and then sent home, or just assessed and then sent 
home without treatment. A more satisfactory definition of serious injury would be 
someone who is treated in hospital as an in-patient for at least 24 h, using data from 
the National Patient Register [15].

5  Discussion

5.1  Matching Data from Different Sources

There would be clear benefits for analysis if it were possible to combine data from 
the various sources detailed above. For advanced research, it would be valuable to 
combine data from fire service incident reports with data on the fire victims in other 
national registers.

There are three fortunate circumstances in Sweden which, taken together, have 
the potential to provide a unique basis for fire safety research: the use of a national 
personal identification number [16], a common dispatch organisation for the ambu-
lance and fire service, and the fire service’s roll in salvage operations after a fire.

All Swedish residents have a national personal identity number and public 
authority databases on individuals in Sweden use the national personal identity 
number as key.

If a research project is approved by the relevant ethics board, and the researchers 
are somehow able to find out the personal identity numbers of the fire victims, then 
they can access a wide variety of data on the individuals concerned, such as diagno-
ses and treatment in hospital, country of birth, level of education, taxable income, 
and receipt of unemployment benefit or other social benefits.

It is difficult for the fire service to collect personal identity numbers of people 
involved in a fire. They are quite simply too busy rescuing people threatened by the 
fire, extinguishing the fire, and then initiating the salvage operation to minimise 
secondary damage to property.
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The police will attempt to collect personal identity numbers of those involved, 
but they also face practical challenges with this.

However, there is a reliable source for personal identity numbers for all those 
who leave the scene of a fire in an ambulance. The number is almost always recorded 
by ambulance personnel together with health status data in the patient’s medical 
documentation.

In Sweden, the ambulance service and fire service use the same dispatch system. 
A common case identity number is used for all organisations responding to a spe-
cific incident. It is therefore easy to match data from the fire service with patient 
data recorded by ambulance personnel.

The diagnosis, health status, and medical procedure data in the ambulance docu-
mentation are of interest in itself, but the patient’s personal identification number 
also allows a researcher to follow what procedures the patient subsequently receives 
in hospital, as well as giving insight into any number of characteristics of the victim 
which are recorded in databases administered by other national authorities. It is 
therefore possible for the researcher to identify vulnerable groups with an elevated 
risk of fire-related injury. It is also possible to go further and study a patient’s his-
tory of illness. A person in full health has a much better chance of surviving fire 
injuries than a person who is already suffering from some kind of ill health. It is 
possible to study the effects of comorbidity.

When studying economic losses due to fire, it is valuable to match fire service 
incident report data with data from insurance companies. This is particularly chal-
lenging as the focus for insurance companies is claims, not individual fires.

The fire service in Sweden commences initial salvage work as soon as possible 
during a fire incident. Their work plays an important role in minimising the second-
ary damage to property and saves the insurance companies a great deal of money. 
The insurance companies gladly pay for this work.

As mentioned above, it is a challenge to match fires and insurance claims – one 
fire can give rise to several claims with various companies. The Swedish Fire 
Protection Association has a salvage company which matches the data sets, acting 
as a clearing house between the municipal fire brigades and the insurance compa-
nies. The salvage company receives data from the fire service incident report and 
links it to the insurance claims involved in the specific fire.

This match made by the salvage company has the potential to allow the analysis 
of the economic outcome of fires related to any of the variables collected in the fire 
service incident report. For example, it would become possible for cost-benefit anal-
ysis to include the economic benefit of reduced response times or technological fire 
protection in the form of smoke evacuation or sprinkler systems.

5.2  Legal Basis for Access to Data

There would appear to be two major challenges to building up a comprehensive 
system for fire safety surveillance: cost aspects and access to data. It should be pos-
sible to obtain data from existing administrative systems without excessive costs for 
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the organisation providing the data. As noted above, in Sweden there are common 
keys in the most important sources, which should enable efficient matching routines 
to be employed by the organisation hosting the combined data. However, it must be 
noted that data cannot be accessed from various sources without a clear legal basis 
which fulfils the requirements to respect privacy as specified in data protection and 
secrecy regulations.

MSB have relied on data from forensic pathologists to build a comprehensive 
dataset over fire fatalities for the period 1999–2015. Unfortunately, the National 
Board of Forensic Medicine has not provided data to MSB since then, due to secrecy 
and data protection considerations. It is necessary for the government to clarify the 
legal situation for MSB to be able to update the dataset.

It is even more controversial for an organisation such as MSB to have an ongoing 
procedure to obtain data from the National Patient Register. In this case, it may be 
more appropriate for MSB to store the key – the personal identity number – of those 
injured due to fire. MSB could provide a researcher with a list of the relevant indi-
viduals. It would then be relatively easy for the researcher to obtain the relevant data 
from the patient register or any other individual-based database of interest, on the 
condition that the research has been approved by an ethics board.

5.3  The Importance of Investigation of Human Behaviour 
in Residential Fires

It would appear to be a common assumption that fatal fires are the tip of an iceberg – 
that is to say, the people who die in fires are typical of those injured in fires as well 
as those who experience fires in their homes. This idea promotes the assumption 
that the same vulnerable groups are involved in all three types of fire with the corol-
lary that if it is possible to reduce the total number of fires then the number of fire 
deaths will also be reduced. However, several studies conducted in different coun-
tries and time periods report that demographic characteristics, cause of fire, and 
primary diagnosis differ between non-fatal injuries and fatalities [17–19]. In a 
recent study, the main conclusion was that, holding ignition exposure constant, a 
proxy developed for vulnerability could explain the effects of age on the likelihood 
of death in fire for adults [20].

It is important to improve our knowledge of the various subsections of the popu-
lation with an elevated risk of experiencing a residential fire, being injured in a resi-
dential fire, and dying in a residential fire. This knowledge is necessary to identify 
vulnerable groups to prioritise in fire safety work, but in order to improve their 
safety, we need to know how they behave in fires.

In recent years, a research project has been underway in the UK to learn about 
how people respond when a fire occurs in their home, with the goal of a better 
understanding of the range and causes of behavioural responses to dwelling fires 
and the outcomes of such incidents. The “Lessons in Fire & Evacuation Behaviour 
in Dwellings” (LIFEBID) project has evolved from a knowledge transfer 
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partnership between Kent Fire & Rescue Service and the University of Greenwich 
to a collaborative effort involving many UK fire and rescue services, academics, and 
other relevant stakeholders [21]. Six insight themes were presented in 2015 to 
engage fire and rescue services in a discussion on the relevance of data on human 
behaviour in accidental dwelling fires for their work with fire safety [22]. The data 
collection phase was completed in 2018, resulting in a database with human behav-
iour in approximately 500 residential fires.

Research into this material and other projects to analyse human behaviour in 
residential fires has the potential to provide valuable insights into how fire safety 
can be improved.

The WHO definition of surveillance involves ongoing data collection. However, 
it is very labour-intensive and therefore costly to collect data on how people thought 
and behaved in actual fires. In this context, it would be more beneficial, as well as 
more cost-effective, to collect very detailed human behaviour data in projects at an 
interval of five or even ten years, rather than having an ongoing collection of super-
ficial data.

5.4  More Advanced Measurements of Deaths

The Nordic countries all publish the number of fire-related deaths per year. However, 
there is a great deal of random variation in the numbers, which makes it very diffi-
cult to identify short-term trends. It is easy to fall into the trap of over-interpreting a 
rise or fall for a period of two or three years which subsequently can be assumed to 
be the result of random variation.

When comparing fire-related deaths between regions or countries, it is appropri-
ate to relate the raw numbers to population statistics. It is relatively easy to use 
crude death rates based on mid-year population, but it is perhaps more relevant to 
work with age-standardised death rates.

Death rates are an important measure to compare between regions and countries, 
but do not give a complete understanding of the fire problem. Potential years of life 
lost is an alternative metric, which is well-established in other contexts. It is inter-
esting to note that the Emergency Services Academy in Finland calculates the yearly 
sum and average of potential years of life lost due to fire.

5.5  More Advanced Measurements of Serious Injury

Being treated in hospital as an in-patient for at least 24 h is a reasonably clear defini-
tion which could be used in surveillance of serious injuries due to fire. However, it 
might be worthwhile to develop more advanced measurements of various levels of 
serious injury.
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Concerning burns, it might be possible to study the percentage of the total body 
surface area (BSA) affected by a burn, together with first-degree, second-degree, or 
third-degree burns.

For injuries due to smoke inhalation, it might be appropriate to study whether the 
person is placed on a respirator.

In addition, there are two groups of measures of health outcomes used in Sweden 
in surveillance of road safety, which would be worth considering for the surveil-
lance of fire injuries.

The first group of measures indicates the severity of injuries at the time of the 
event. They are based on an assessment of injuries to various parts of the body 
according to the Abbreviated Injury Scale, AIS, developed by The Association for 
the Advancement of Automotive Medicine [23]. AIS is an ordinal scale of 1 to 6, 
with 1 indicating a minor injury, 6 being maximal, and 3 being the threshold for a 
serious injury to a specific part of the body. A casualty that sustains an injury with 
any score of 3 or higher on the AIS is classified as clinically seriously injured 
according to the Maximum Abbreviated Injury Scale (MAIS3+). The AIS parame-
ters can also be used to calculate an index providing an estimate of how near the 
combined injuries were to being fatal at the time of the accident (Injury Severity 
Score, ISS 9-).

The second group of measures provides an estimate of the permanent level of 
disability that the injuries are expected to lead to in the long term (Risk of perma-
nent medical impairment, RPMI), calculated for two levels of medical invalidity: 
1% and 10%.

Unfortunately, RPMI would need additional research to establish fire-specific 
values for some parameters.

Both measures would also require data over and above that which is available in 
the National Patient Register, so such surveillance would come at a high cost.

6  Conclusions

The level of fire safety in a particular context is the overall result of a multitude of 
actions taken by many different actors. These actions will reflect conscious or 
unconscious decisions made by those involved.

The collection of fire data and publication of fire statistics will not in itself lead 
to improved fire safety. For this to take place, the data must be used in some kind of 
analysis, and that analysis then be used by a decision maker who goes on to take 
some kind of action with a positive effect on fire safety.

An ongoing, systematic collection, analysis, and interpretation of fire-related 
data has the potential to improve the planning, implementation, and evaluation of 
fire safety practice. In this chapter, data sources relevant in the Swedish context 
have been identified, together with theoretical and practical challenges that will 
need to be overcome to realise all the potential benefits. Above all, the various actors 
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in the field of fire safety need to agree on the relevant definitions, or if that is not 
possible, be very clear where there is divergence on definitions.

One major challenge will be access to data. If the central fire authority in a coun-
try is not able to use data from, for example insurance companies, pathologists, or 
the health authorities, then it may be necessary to rely on specific research projects. 
If this is the case, then hopefully the conclusions of any such project will remain a 
good basis for decision making for a number of years after the research is published.

In order to improve residential fire safety, we need a better understanding of 
human behaviour in fires. It is very labour intensive to collect data on how people 
thought and behaved in actual fires. It is unrealistic to expect an ongoing collection 
of such data, but detailed data could be collected in projects with 5-year or even 
10-year intervals.

It is interesting to conclude by noting that the European Commission has 
observed that the nature and format of fire data collected across member states vary 
significantly, and that this poses an obstacle to data comparison, making it difficult 
to assess potential best practices and successful safety approaches. The commission 
has initiated an ambitious project to map the existing data and develop a proposal on 
how the lack of common data can be remedied to provide meaningful datasets to 
allow legislative decisions on fire safety at member state and EU levels. [24]
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Chapter 7
Implications for Prevention

Ragnar Andersson and Marcus Runefors

Abstract This chapter summarizes Chaps. 1, 2, 3, 4 and 5 and introduces the prin-
ciples of injury prevention. It is concluded that important aspects of human vulner-
ability appear largely overlooked in traditional fire safety practices and need to be 
addressed much more seriously if deaths and injuries are to be significantly reduced. 
When residential fires exceptionally lead to serious harm, it is often due to certain 
medical, functional, and/or social vulnerabilities of the victim. Since the same vul-
nerabilities tend to put residents at risk of many other health and safety hazards as 
well, the fire safety community should join efforts with health and social resources 
to develop broader programs for safer housing among vulnerable groups, including 
fire safety. As part of this, new and innovative fire-related solutions are urgently 
needed to better compensate for human shortcomings in the event of a fire at home.

Keywords Fire safety · Human vulnerability · Mortality · Morbidity · 
Collaboration · Home safety

1  Introduction – Empirical Summary

The preceding chapters all contribute to a richer understanding of the global fire 
safety problem. Chapter 1 identifies major data availability and validity problems in 
many countries, but from what is published on international fire mortality, patterns 
emerge which seem to reflect well-known global socioeconomic and gender 
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inequalities as well as lifestyle and other cultural patterns such as smoking and 
alcohol habits, and clothing and cooking traditions. As countries develop, fewer 
people tend to die from fire, and a transition seems to occur from younger to older 
victims. Possibly, this also implies a shift over time from female to male victims, as 
females remain overrepresented mostly in low-income countries while men are at 
greater risk in high-income countries. Risk factors for residential fire death are 
explored more in-depth in Chap. 2, identifying both living alone and being under 
weaker socioeconomic conditions as significant determinants together with demo-
graphic and lifestyle factors such as alcohol consumption and smoking. Chapter 3 
widens the scope to all residential fires, regardless of consequences, and concludes 
that most fires seem to be successfully handled by the residents themselves without 
injuries and without assistance from fire and rescue services. Only exceptionally, 
residential fires lead to serious harm, and when that happens, it is usually due to 
certain vulnerabilities related to the victim.

One critical aspect of vulnerability is evacuation ability, as described in Chap. 4. 
For residents with functional impairments, whether perceptual, cognitive, or motor, 
normal housing conditions may raise significant barriers for safe evacuation in due 
time. Chapter 5 identifies intoxication and burn as the leading injury mechanisms 
from domestic fire. In many cases, intoxication comes first and tends to gradually 
incapacitate the victim before the heat becomes critical. Both mechanisms covariate 
with the exposed individual’s age, health, and functional status. Being under the 
influence of alcohol, medicines, or other substances (including CO from smoking) 
will accelerate the incapacitation process. The time frame for evacuation is short. 
Prompt and adequate care (prehospital and clinical) impacts survival and injury 
severity as well, which makes health care a complementary parameter in reducing 
death and severe injuries from fires. Finally, as pointed out in Chap. 6, proper sur-
veillance of fire-related injuries and deaths is a fundamental prerequisite for the 
systematic prevention thereof.

2  General Accident and Injury Prevention Principles

This book concentrates on the prevention of deaths and injuries from fires. Experts 
in fire safety are usually well trained in fire engineering, but less trained in injury 
prevention. This gap is what we here wish to bridge with complementary perspec-
tives and theoretical frameworks. When analysing accident and injury causation, a 
web of intertwined factors emerges behind both the events and their consequences. 
The consequences are always associated with more contributing factors since these 
also include vulnerability-related factors in addition to those leading up to the event. 
Deaths and injuries from fires are therefore not explained solely by the occurrence 
of the fire, but also by a number of additional factors determining the severity of its 
outcome.

Injury prevention is a discipline rooted in the medical sphere, taking human vul-
nerability to sudden external impacts as its point of departure. The nature of impacts 
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varies by type of events; mechanical in case of traffic crashes or falls, thermal and 
toxic in case of fire, and so on. Humans, just as other species, entail intrinsic toler-
ances against external impacts to certain degrees, but if the thresholds are exceeded, 
injuries and death may follow. Moreover, tolerance varies from individual to indi-
vidual depending on age, sex, health status, etc.

As we now recognize that most people manage fires without being injured and 
that those killed and severely injured increasingly appear among socially, function-
ally, and medically disadvantaged groups, the focus of interest will inevitably shift 
from an exclusive focus on the exposure (the fire) to the specific circumstances that 
exceptionally contribute to severe outcomes, that is toward the vulnerability side of 
the problem. The fire occurrence is clearly a necessary cause, but far from sufficient 
to explain why people die or sustain severe injuries from a fire. It is therefore the 
complementary causes determining the severe outcomes we need to identify, under-
stand, and address to become able to seriously deal with the number of deaths and 
injuries from fires.

One of the most influential researchers on injury prevention, representing a 
human-centered and vulnerability-oriented approach, is undoubtedly Dr. William 
Haddon Jr. [1, 2]. He had a combined background in epidemiology, medicine, and 
engineering and published extensively on the principles of prevention, while, at the 
same time, serving as the first appointed director of the then newly established 
American federal traffic safety agency in the 1960s [3]. Haddon built his conceptu-
alization of injury causation and prevention on existing frameworks in public health 
and epidemiology, especially the so-called epidemiologic triad; the host (the 
exposed individual), the agent (the hazard), and the environment [4]. Accordingly, 
illness, including injuries, is generally seen as emanating from an interaction 
between these three components. What distinguishes injuries from diseases is the 
agent factor, which in the case of injuries consists of a sudden release of energy (or 
the sudden absence thereof), in contrast to biological or other health hazards. 
Fractures result from mechanical energy, burns from thermal etc. if exposures occur 
at amounts and intensity exceeding thresholds for human tolerance. Understanding 
human tolerance (the vulnerability side) is, therefore, just as important as under-
standing the sudden hazard exposure conditions (the accident) from a preventative 
point of view. The basic principle for injury prevention is to control potential expo-
sures and preferably keep them under the human threshold limits. Haddon also built 
on the, in health sciences well-established, view that preventative measures can be 
taken in three phases; before, during, and even after an injury occur. Primary pre-
ventative measures (before) aim to prevent the exposure as such (the accident), 
while secondary (during) and tertiary (after) preventions aim to reduce the injury 
severity, either during the accident sequence (secondary) or afterwards (tertiary) 
through medical treatment and rehabilitation [5]. One of Haddon’s most famous 
theoretical contributions is the so-called Haddon Matrix, resulting from a cross- 
tabulation of the epidemiological triad and the three temporal phases of preven-
tion [1, 4].

7 Implications for Prevention



114

Haddon’s theoretical contributions have influenced safety philosophy in many 
areas, perhaps most clearly in road traffic where the energy perspective, that injuries 
ultimately are caused by energies allowed to reach individuals at levels exceeding 
human thresholds of tolerance and therefore need to be kept under these thresholds, 
has become a dimensioning principle of vehicle and road environment design [6]. 
The Haddon Matrix is frequently applied as an analytic tool to a wide spectrum of 
topics in safety research, as well as in public health research in general [1].

Haddon also contributed with a well-known list of ten preventative alternatives, 
spanning from primary to tertiary prevention [4].

 1. To prevent the creation of the hazard in the first place
 2. To reduce the amount of hazard brought into being
 3. To prevent the release of the hazard that already exists
 4. To modify the rate or spatial distribution of release of the hazard from its source
 5. To separate, in time or space, the hazard and that which is to be protected
 6. To separate the hazard and that which is to be protected by the interposition of 

a material barrier
 7. To modify relevant basic qualities of the hazard
 8. To make what is to be protected more resistant to damage from the hazard
 9. To begin to counter the damage already done by the environmental hazard
 10. To stabilize, repair, and rehabilitate the object of the damage

Reason [7] contributed with a similar view when arguing for, what he called, the 
principle of “defense-in-depth”, meaning that there is usually a need for several bar-
riers complementing each other. His so-called “Swiss Cheese Model” illustrates 
how multiple barriers (imaged as cheese slices), each of them with their weaknesses 
(the holes in the slices), when combined, may complement each other in reducing 
the likelihood of serious consequences if a harmful event should occur. Thus, one 
gets access to not just a plan A, but also a plan B, C, D, and so on, in order to reduce 
the targeted outcome.

The medically anchored approach in injury prevention, as exemplified by 
Haddon’s theoretical contributions, is a fundamental point of departure in all safety 
management aiming at preventing human consequences such as deaths and injuries. 
In addition, safety research has contributed with more engineering-oriented frame-
works focused on the events as such (as opposed to the consequences) and their 
causes, plus managerial issues in administration and organizations to advance per-
formance in safety work. It is, of course, not enough to know what should be done; 
it takes systematics and leadership as well to make things done and ensure intended 
results in a societal or organizational context. Part II of this book provides examples 
of effective measures to save lives and prevent injuries from fire, and the final sec-
tion will highlight issues on how to implement such measures and make things hap-
pen at a broader scale.
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3  Implications for the Prevention of Fire-Related Deaths 
and Injuries

The above summarized can be concluded as follows:

It is always the consequences that burden individuals and the community, and there-
fore, the consequences that need to be prevented and reduced, in this case, deaths 
and injuries from a fire. A radical way of doing this is to prevent the fires as such. 
However, since fires remain relatively common, while serious injuries from these 
are rare, it might be more effective to direct preventative efforts to the contribut-
ing factors that mostly determine the negative consequences.

Preventing serious injuries from fire, ultimately deaths, can be accomplished by 
interventions across the entire process from before to after the fire, see Fig. 7.1. 
The measures taken can be either individually, technically, and/or organization-
ally oriented. The principle of “defense-in-depth” is clearly applicable [7].

With reference to Fig. 7.1, the fire-injury process can be described as follows:

 1. Ignition may occur through spark, open flame, or hot object.
 2. For the fire to grow, it takes dry combustible material in the presence of oxygen.
 3. The emissions that harm living organisms in case of fire include toxic gases and 

heat, primarily. The gases typically attack first by incapacitating the victim. The 
toxicity depends on the material that is burning, ventilation conditions, and if 
smouldering or open flame.

 4. The degree of exposure, in combination with the lethality of the emissions, 
determines the speed of the injury process.

 5. If the fire continues and escalates, evacuation remains the only option. This can 
be performed either without assistance or with assistance from cohabitants, 
neighbours, or professional resources.

 6. For those evacuated injured, but still alive, there remains the possibility of avoid-
ing worsening complications and restoring health through adequate treatment 
and rehabilitation. The result determines the final outcome in terms of deaths and 
injury severity.

Fig. 7.1 A tentative illustration of the fire-injury process and how deaths and injuries from fires 
may be counteracted by interventions along the entire process from pre-fire to post-fire conditions
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Preventative measures are all those intervening in the implied process and affecting 
the final outcome. As pointed out, the measures can be individually, technically, or 
organizationally oriented, separately or in combination. Weaknesses in one respect 
can be compensated by strengthened measures in other respects. Humans are often 
considered the least reliable component of so-called sociotechnical systems, and the 
less one can expect from the individual, the more efforts need to be placed on tech-
nology and organization to compensate for human shortcomings. In the context of 
residential fires and vulnerable groups, the organization can be seen to include 
actors with the role of supporting the individual, such as social services and medical 
resources.

Accumulated evidence now demonstrates that serious injury outcomes from fire, 
including deaths, increasingly are to be seen as a vulnerability problem, at least in 
richer countries with ageing populations. Vulnerability aspects play roles in several 
phases of the fire-injury process, such as increasing the risk of ignition and escala-
tion, reducing the capacity to evacuate, and impairing the medical resilience and 
capacity to respond to care and rehabilitation. Thus, the strategical alternatives to 
reduce the impact of human vulnerability remain:

 1. To try to reduce vulnerabilities, that is, strengthening capacities and resilience 
among groups at risk

 2. To try to compensate for the vulnerabilities by means of technical and organiza-
tional arrangements in

 (a) Existing homes, as complementary arrangements
 (b) Alternative homes, meeting higher intrinsic safety standards (e.g. nurs-

ing homes)

The first alternative encompasses three perspectives; first, the medical vulnerability 
following increasing age and illness and resulting in reduced resilience to a fire’s 
physiological injury mechanisms; second, impaired perceptual and cognitive capac-
ities resulting in increased difficulties to perceive and understand what might hap-
pen; and third, a reduced physical capacity to act adequately. To address these 
impairments and reach significant improvements entail considerable challenges, but 
general efforts to promote health at the population level can be expected to result in 
long-term positive effects.

Alternative 2a offers certain possibilities in terms of warning systems that are 
easier to perceive and understand, and extinguishing systems activated automati-
cally. Redirecting warning signals to neighbours or professional first responders 
ready to assist swiftly is another possibility.

Alternative 2b offers the most radical possibilities to improve the protection for 
those unable to care for themselves for their safety. The enhanced safety standard 
may include organizational arrangements as well, such as the continuous presence 
of staff with sufficient capacities to intervene in case of danger.
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4  Technical and Organizational Measures for Prevention

As described above, decreasing the vulnerability of the individual is one of the main 
goals of public health and medical services, but this might be difficult to address 
from a fire-specific perspective. Therefore, the majority of this anthology is focused 

Table 7.1 Haddon matrix of risk factors and prevention inspired by Gielen et  al. [8] with 
references to other chapters in this anthology where more details are provided

Host Equipment
Physical 
environment

Socio/Cultural 
environment

Pre- 
event

Prevention of 
unwanted heat 
generation

Stop smoking Safe cigarettes 
(Chap. 10)

Safe electrical 
system

Electrical codes

Childproof 
lighters

Smoking campaigns 
(Chap. 16)
Education not to 
play with fire (Chap. 
16)

Prevention of 
ignition

Drug use Fire-resistant 
materials 
(Chap. 10)

Legislation on 
furniture 
combustibility 
(Chap. 10)

Alcohol Stove guard 
(Chap. 11)

Disabilities 
(Chap. 5)

Smoking apron 
(Chap. 10)

Self- 
extinguishing 
candles

Event Prevention of 
fire growth

Knowledge of 
suppression

Fire retardant 
materials 
(Chap. 10)

Closed doors 
(Chap. 9)

Legislation on fire 
compartmentation

Residential 
sprinklers 
(Chap. 11)

Fire prevention 
programmes (Chap. 
16)

Detector 
activated 
sprinklers 
(Chap. 11)

Initiation of 
evacuation

Correct 
appreciation of 
fire growth rate

Smoke alarms 
(Chap. 8)

Laws requiring 
smoke alarms

Cognitive 
disability (e.g. 
hearing) (Chap. 
5)

Smoke alarm 
campaigns (Chap. 
16)

Completion of 
evacuation

Physical 
disability 
(Chap. 5)

Fire resistance 
of load-bearing 
structures

Evacuation by the 
fire service (Chap. 
12)

Door lock easy 
to open

Evacuation by other 
actors

Post- 
event

Recovery Medical 
vulnerability 
(Chap. 4)

Treatment of burns 
(Chap. 4)
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on technical and organizational aspects aiming to compensate for this 
vulnerability.

Inspired by Gielen et al. [8], a modified Haddon-matrix has been developed and 
is presented in Table 7.1. In the matrix, the temporal dimension is divided into sev-
eral subsections adopted from Runefors et al. [9] where it was found to be a generic 
sequence of events in fatal fires.

For each phase, the opportunities for prevention are divided into four different 
categories: Host, Equipment, Physical environment, and Socio/Cultural environ-
ment. The Host relates to aspects in relation to the victim themselves or other indi-
viduals and could be, for example, attitudes, knowledge, and behaviour. The 
Equipment includes aspects of the specific objects involved in the fire, while the 
Physical environment includes other objects in the environment. Finally, Socio/
Cultural factors are external factors such as legislation, campaigns, and institutions 
such as the rescue service and hospitals.

The matrix, including a range of different identified measures, is presented in 
Table 7.1.

As can be seen in the table above, there is a wide range of different measures that 
can all be a part of a fire safety strategy. The measures are not presented here, but 
the reader is referred to the chapter in this anthology which is cited in the table.

Due to the variation in both exposure and vulnerability, the effectiveness of dif-
ferent technical measures also varies significantly between different socio- 
demographic groups in society, and this is also true for who currently have the 
different measures implemented. This is further discussed in Chap. 14.

5  Conclusions

Section one of this anthology clearly shows that fatalities due to residential fires are 
strongly related to the vulnerability of the individual. It is of paramount importance 
for fire safety professionals to acknowledge this fact and let it influence the strate-
gies developed.

Despite this, it is argued that directly influencing the vulnerability of the indi-
vidual is typically out of reach for fire safety professionals. Instead, fire prevention 
should focus on compensatory measures from a technical and organizational per-
spective. A range of such measures that each can play a role in fire safety promotion 
is presented in the following section of this anthology.

However, even if fire safety professionals typically are not able to affect the vul-
nerability aspect per se, it is very important to apply the knowledge of risk factors 
presented in Chap. 1 to target safety promotion activities to individuals with high 
risk. Since the same risk factors tend to put residents at risk of many other health 
and safety hazards as well, the fire safety community should join efforts with health 
and social resources to develop broader programs for safer housing among vulner-
able groups, including fire safety.
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Chapter 8
Smoke Alarms and the Human Response

Michelle Ball and Kara Dadswell

Abstract Smoke alarms are mandated in all man-made structures designed for 
human occupancy in most developed nations, and as such, they have become a nor-
mal and expected feature of our environment. Most people understand that their 
purpose is to alert building occupants to the possibility of fire. Despite this, it is 
wrong to assume that when a smoke alarm sounds the human response will be uni-
formly predictable. There are many different factors influencing whether or not a 
person will respond to an alarm, and these vary depending upon whether a person is 
awake or asleep, and audibility factors within the environment. This chapter will 
begin with a brief history of smoke alarm use and design and then proceed to a 
review of recent literature on human response to the smoke alarm signal when peo-
ple are asleep, and when they are awake.

Keywords Smoke alarms · Human response · Auditory arousal · Cognitive 
processing during sleep · Alarm signal characteristics

1  Smoke Alarms

1.1  Brief History

Despite their pervasive presence in modern structures, smoke alarms have a rela-
tively brief history compared to other fundamental inventions of modern engineer-
ing and architecture. Smoke alarms were not widely used in residential settings until 
events following Hurricane Agnes in 1971 pointed to their effectiveness. As a part 
of their disaster relief effort, the US Department of Housing and Urban Development 
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purchased 17 000 mobile homes and requested that the National Bureau of Standards 
(NSB; later to be known as NIST) implement high standard fire safety systems [19]. 
Consequently, single station smoke alarms were installed outside the bedrooms of 
each unit. In the ensuing years after the homes were inhabited, the statistically pre-
dicted number of fires still occurred, but zero deaths and very few injuries were 
recorded. From this stunning change in outcomes, it was surmised that smoke 
alarms were an effective means of alerting occupants to the presence of fire before 
they could become trapped, and the US mobile housing industry adopted the first 
smoke alarm regulation, decreeing that one smoke alarm was to be installed outside 
the bedrooms of every mobile home produced [19].

The mandating of smoke alarms in mobile homes precipitated the NSB to more 
closely examine their effectiveness, and work commenced to develop standards 
regarding the optimal number and placement of smoke alarms in residential homes. 
The Indiana Dunes tests were conducted, involving full scale testing of commer-
cially available smoke alarms that were purposefully installed in homes prior to set 
demolishment [19]. Over a period of 2 years, 76 separate experiments were con-
ducted using three different homes and involving the burning of real furnishings in 
varied conditions (e.g., doors/windows open or closed). Results of these experi-
ments led to the conclusion that for optimum safety, smoke alarms should be located 
on each floor of a home [19]. This recommendation was adopted and laws were 
enacted across various jurisdictions in the US that required the installation of smoke 
alarms on each floor in new residential housing. From these promising beginnings, 
progress was slow. Internationally, laws regarding smoke alarm installation and 
placement have gradually been implemented, but it took many nations until the first 
decade of the 2000s for smoke alarms to be made compulsory in residences.

It is important to note that while the reduction in fire deaths following the 
advancements in smoke alarm legislation is clear, several other coinciding factors 
may also have lowered the incidence of injury and death. For example, advance-
ments in the engineering of building materials, household furniture and items, and 
sleeping garments have afforded increased fire protection. Nonetheless, evidence 
indicates that smoke alarms are a vital component to improved fire safety systems.

Contemporary data continue to support the effectiveness of smoke alarms in the 
reduction of risk of death in residential fires. When considering the impact of smoke 
alarms, it is convenient to consider US statistics because the size of the population 
lends a robustness to the data. US data on home structure fires that were reported to 
local fire departments spanning the years from 2014 to 2018 indicated that the risk 
of dying in a home structure fire was 55% lower in homes where there was a work-
ing smoke alarm, compared to homes with no smoke alarms present, or none that 
operated [1]. The power source and method of extinguishment also seem to be 
important. When automatic extinguishing systems were not present, the death rate 
per 1000 fires was 35% lower when battery powered smoke alarms were present, 
69% lower when the smoke alarms were hard-wired, and 51% lower when smoke 
alarms with either source of power were present. This climbed to 91%, lower when 
hard-wired smoke alarms were present with sprinklers [1]. A 2016 meta-analysis 
using data from US and Australian studies examining the association between 
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smoke alarm presence and injury and death rates reported that the presence of a 
working smoke alarm halved the death rate in residential fires, but that there was no 
significant reduction in injuries due to their presence [58].

1.2  Smoke Alarm Types

A smoke alarm consists of two basic components within a single unit, including a 
smoke detector and an alarm sounding device (signal). Specifications for smoke 
alarms are generally mandated by local standards. These standards generally dictate 
aspects of both the detector and the alarm signal that are designed to increase the 
chance that occupants will be warned of a fire in time to evacuate or extinguish the 
fire while it is small, thereby decreasing the chance of damage to property, injury, 
and /or death of occupants. The detector should be designed to be sensitive to small 
levels of smoke, but at the same time not too sensitive to non-fire-related phenom-
ena in an effort to reduce false alarms, which may cause undesirable behaviors such 
as the ignoring or disabling of alarms [69].

Smoke alarms vary in how they detect smoke, and how they are powered. New 
one or two family dwellings across many countries are now required to include 
smoke alarm units that are hard-wired into the main electricity supply by a profes-
sional electrician. These hard-wired units also include a 9 Volt (V) back–up battery 
in case of power failure. In older dwellings, and by far the most common type of 
smoke detector, is the independently operating battery powered unit. These devices 
are installed locally, without the need for professional services, and can be powered 
by a 9V battery that needs yearly replacement, or by a longer lasting lithium battery 
(approx. 10  year life). Regardless of power source, both manufacturers and fire 
services recommended that all smoke alarm units need to be replaced every 10 years 
to ensure optimal performance. Fire services commonly run public service cam-
paigns to prompt correct maintenance of smoke alarms.

Individual smoke alarms can also be interconnected. Interconnection is an impor-
tant safety feature that is recommended so that if smoke is detected in the area of 
one device, they all sound together, thereby increasing the possibility of alerting 
occupants who may be remote from the smoke alarm closest to the area of fire igni-
tion [49]. Interconnection is mandated in some countries. For example, it has been 
mandated for new dwellings in the USA since 1989 (NFPA 72; [51]), and in 
Australia since 2014 [3]. Recently, Scottish legislation in relation to smoke alarms 
has been updated and has extended the requirement for interconnection to all exist-
ing dwellings by 2022 [59].

There are two primary types of detector that are typically used in either hard- 
wired or battery-operated smoke alarm units, including ionization and photoelec-
tric. Smoke alarms are also available that include dual sensors, with one of each 
type. The two types of detector sense the presence of smoke differently, varying in 
their response to the visible and invisible properties of smoke [50]. An ionization 
type of alarm contains a small amount of the radioactive material, Americum-241, 
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situated between two electrically charged plates. The Americum-241 ionizes the air 
between these plates, causing an electrical current to flow between them. The alarm 
is activated when smoke enters the chamber of the detector, disrupting the current 
between the plates. In contrast, photoelectric detectors contain a light source and a 
light sensor within a sensing chamber. This light source is aimed at an angle away 
from the sensor, and smoke entering the chamber causes the light to be reflected 
towards the sensor, causing the alarm to activate [52].

A slowly growing fire that smolders emits more toxic gases and produces larger 
particles in smoke compared to a flaming fire. This type of fire is commonly associ-
ated with burning of household items, for example upholstered furniture that is 
ignited by a heat source such as a lit cigarette. Conversely, a flaming fire burns faster 
and hotter and emits smaller particles in smoke. A substantial body of research 
comparing the performance of different types of smoke detector has reported that 
upon average, ionization alarms respond fastest in the circumstance of a flaming 
fire, while photoelectric alarms respond fastest to a smoldering fire (e.g., [20, 24]).

The best type of smoke detector for use in residential settings has emerged as a 
controversial issue. Public health advocates have argued that photoelectric alarms 
are superior to ionization alarms for several reasons (e.g., [57]). First, they cite the 
increased possibility of nuisance alarms that occur with ionization alarms [72], par-
ticularly associated with smoke from cooking, leading to decreased functionality 
because they are more likely to be deliberately disabled by residents. There is cer-
tainly evidence in the peer-reviewed literature that ionization alarms are signifi-
cantly less likely to be functional across time, presumably due to disconnection 
following repeated nuisance alarms [50]. Second, they also argue that since most 
residential fires begin as smoldering before transitioning (or not) to flaming, the saf-
est approach is to legislate the use of photoelectric or dual sensor alarms (combina-
tion photoelectric/ionization), and have called for a ban on the sale of ionization 
alarms. There is some evidence that this has occurred in a few regions, for example, 
a 2007 report for the European Commission on products containing radiation shows 
that ionization alarms have been prohibited in Switzerland (single, stand-alone units 
only, with those used as a part of an interconnected system still permitted), Lithuania, 
and the Netherlands [61]. It is also understood that a small number of states in the 
USA (Iowa, Massachusetts, and Vermont) may have limited their use by mandating 
dual sensor alarms (combination photoelectric/ionization). Many other governing 
bodies have considered this idea, but have not taken it up, primarily because photo-
electric and dual sensor alarms are appreciably more expensive than ionization 
alarms, and it is considered that having an ionization alarm is better than having no 
alarm at all. Across the world, fire services and fire safety associations widely pro-
mote the use of photoelectric or dual sensor alarms as the products of choice for use 
in residential settings; however, the issue of cost means that ionization alarms 
remain substantially more prevalent.

Regardless of fire scenario, it is important to note that there is wide variability in 
the operation of detectors both between and within types, to certain fires. Milarcik 
et al. [48] statistically compared the performance of different types of residential 
smoke detection technologies with each other (including ionization, photoelectric, 
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and dual sensor), for differing types of fire (smoldering or flaming) across four pub-
lished large-scale experimental studies. The findings reported were consistent with 
the fact that upon average ionization, alarms perform fastest to flaming fires and 
photoelectric alarms respond fastest to smoldering fires, and when all fires were 
considered, the dual sensor alarms performed best. However, they also found that 
overall the difference in response between the technologies was so small as to be 
statistically equivalent, stating that “…it cannot be determined with confidence 
which detector technology will alarm first to the next fire” (p. 337). Analysis further 
showed wide variability between different detectors within each type, regardless of 
fire scenario. This is compounded by the fact that it is generally unknown which 
type of fire will next ignite – flaming or smoldering? They concluded that debates 
about type of detector technology are less instructive and less likely to make a dif-
ference to residential fire mortality than efforts to increase the number of detectors 
present. They argue that increasing the number of detectors in any environment 
would have the effect of maximizing detection regardless of the circumstances of 
ignition [48].

Another important factor to be considered is tenability limits. In reference to fire, 
tenability refers to the ability of an environment to sustain life and is related to 
things such as heat conditions and toxic gas concentrations. A 2009 study into ten-
ability limits and smoke alarm response reported that flaming fire scenarios pro-
duced the most dangerous conditions, with tenability limits exceeded often within 
just minutes after ignition [47]. Smoldering fires, on the other hand, were found to 
take much longer to produce untenable conditions, sometimes taking hours to 
exceed limits. Importantly, it was also reported that alarms of all three types (ioniza-
tion, photoelectric, and combined) generally provided sufficient time for escape 
before tenability limits were exceeded for both flaming and smoldering fire sce-
narios [47]. Although tenability of life is paramount, exposure to smoke poses both 
acute and chronic threats to health, and therefore, alerting occupants as soon as 
possible to the presence of fire remains an important consideration beyond survival.

1.3  Standards Governing Smoke Alarms

Standards for smoke alarm signals specify many technical aspects and vary across 
different countries. Examples in this chapter are provided from the International 
Standards, the USA, Australia, and the UK only. Additionally, only those in relation 
to sound pressure level, placement, and signal design (temporal pattern) will be 
discussed herein. Information about signal pitch is covered in the later section on 
human response to the smoke alarm, and so, will not be specifically covered in this 
section.

In relation to sound pressure, although there are subtle variations across nations, 
the prescribed sound level is commonly not less than 85dBA within a set distance 
from the sounder (AS 3786 set distance is 3 m; [68]), and no more than 105dBA. The 
lower threshold is to ensure audibility, and the upper limit is designed to be 
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withstood for short periods without causing hearing damage. This broad rule encap-
sulates the important notion that an alarm’s signal must be loud enough to be heard; 
however, the same alarm signal may be experienced differently across differing 
environments. In acknowledgment of this fact, standards usually require that sound 
pressure be transmitted at a minimum level above the average ambient sound level 
[e.g., 10dBA above for ISO-8201 [34]; 15dBA above or 5dBA above the maximum 
sound level having a duration of about 60 seconds for NFPA 72 [51]]. Standards 
commonly also suggest that the signal should be received at 75dBA at the pillow or 
bedhead in sleeping areas [9].

Another important specification relates to the placement of alarms. Mandates 
regarding placement can vary, but the majority of jurisdictions require at least one 
on each level of a home, with particular emphasis given to placement either within 
(e.g., USA), or immediately outside the sleeping areas (e.g., UK, Australia). 
Placement of alarms has a strong influence over the audibility of the alarm signal, 
as does environmental design. Although the effect is only quite small, a sound will 
be somewhat amplified in an environment that contains mostly hard surfaces, but 
somewhat attenuated in an environment in which soft surfaces predominate, such as 
a bedroom [31]. The same applies to the size of a room, with a sound diminished in 
a larger space compared to a smaller one [32]. Sound dissipates as it travels, and 
obviously the further away an operating alarm is from occupants, the less likely it 
will be heard. Research has shown that the audibility of an alarm signal travelling 
through walls from a separate room will be substantially decreased regardless of 
whether the door/s between the alarm and the occupant are closed [32, 43, 49] or 
open [49]. This attenuation of sound is also affected by the pitch of the alarm signal, 
with sounds of higher frequency becoming more diminished than those of lower 
pitch across distances and through barriers [49].

International standards influence some aspects of smoke alarm design and are 
often drawn upon to inform national standards. For example, International standard 
8201 (ISO-8201) titled “Acoustics  – Audible and Other Emergency Evacuation 
Signals” outlines the minimum requirements for aspects relating to the sound emit-
ted by fire alarms and other emergency warning devices that are used across a range 
of circumstances, including residences and other places where people might be 
sleeping [34]. It outlines the specifications of the signal that is intended to be used 
to alert building occupants to the need to immediately evacuate the premises. This 
standard sets out a repeating three-pulse temporal pattern of 4 seconds duration 
referred to as the Temporal-Three (T-3). It is comprised of three 0.5 s beeps (on 
phase), each separated by 0.5 s pause (off phase). Each cluster of three beeps is then 
separated by a longer 1.5 s pause. The signal should be transmitted at a minimum of 
10dBA (decibels; A-weighted sound pressure) above the background noise, and not 
lower than 65dBA. If it is to be used to awaken sleeping individuals, the minimum 
sound level is increased to 75dBA at the bedhead, with all doors closed. The stan-
dard includes the possibility that a voice alarm can be added with the signal if 
desired, e.g., Fire! Evacuate! It should be noted that in circumstances where the 
desired outcome is for occupants to remain in place, then the fire alarm should trans-
mit a distinctly different pattern.
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This international standard was designed with the purpose of having a single 
temporal pattern that would be universally recognizable as signifying the need to 
evacuate immediately. A standard temporal pattern that is widely recognized by the 
public is seen as preferable to a voice alarm as it transcends possible misunderstand-
ing that could arise from language barriers. Despite this, historical research has 
found that signals emitting this temporal pattern are not well-recognized as fire 
alarm or evacuation signals [27, 56]. Most smoke alarms are now manufactured 
using the T3 signal, and it is unknown whether recognition has improved in more 
recent years due to increased familiarity.

2  Human Response to the Smoke Alarm

2.1  Response When People Are Sleeping

Although standards exist to mandate sound pressure and placement of smoke 
alarms, research examining the best signal to initiate human response was slower to 
emerge. In fact, early development of smoke alarm technology was focused upon 
the detection aspects of device design, with little attention paid to signal character-
istics beyond the fact that it should be loud enough to be heard [13]. The high fre-
quency beeping noise was used as it was deemed relatively uncommon, and 
therefore, easy to be distinguished and identified. It was also considered unpleas-
antly piercing, and therefore, not easy to ignore. From an engineering perspective, 
it was also cheaper and easier to produce in a small battery-operated device than 
lower-pitched sounds [9].

By the early 2000s, about 10 years after smoke alarm installation became more 
widely mandated, accumulated evidence from fire fatality statistics indicated that 
more residential fire deaths occurred in the presence of an operating smoke alarm 
than was expected. Examination of these statistics showed that several groups 
remained at increased risk of death in fire due to individual differences including 
older (70+) or younger (preschool) age (e.g., [6, 46, 60]), being male, being under 
the influence of alcohol (e.g., [29, 35, 67, 71]), smoking (e.g., [35, 71]), having a 
disability (e.g., [1]), and mental health status [70]. The risk becomes compounded 
when these factors are combined, for example smoking and drinking alcohol (e.g., 
[5, 54, 70]). A 2015 study comparing outcomes from fatal residential fires to those 
where all occupants survived further reinforced the importance of human behavior 
in determining outcomes in residential fire. This study highlighted that taking psy-
chotropic or sedative drugs, living alone, being asleep, and being in the room of fire 
origin were significant risk factors for death compared to survival [71]. Ahrens [1] 
also reported that people who died in home fires in the period 2014–2018 where a 
working smoke alarm was present were more likely to have been in the area of fire 
origin, have been intimate with ignition, or to have attempted to fight the fire them-
selves. This highlights the notion that smoke alarms become most important in 
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circumstances when a person would otherwise be unaware that a fire has started, 
such as while they are sleeping.

It is undeniable that one of the most important risk factors for death in a residen-
tial fire is being asleep. The fatality rate in fires is approximately three times greater 
during the sleeping period than during the waking hours [9]. Recent data from the 
USA have shown that people who died in home fires where there was no working 
smoke alarm present were more likely to be asleep than fatalities that occurred in 
the presence of an operating smoke alarm [1]. Taken together, these facts clearly 
emphasize the importance of smoke alarms in reducing fire fatalities by alerting 
sleeping individuals to the possibility of fire.

Factors relating to the environment, the individual, and the alarm signal itself are 
all important in determining whether a smoke alarm is likely to awaken sleeping 
individuals. However, as demonstrated above, examination of risk factors for death 
in fire reveals that individual differences remain an important consideration for 
smoke alarm design, and different signals have been found to vary in their ability to 
awaken those most at risk including children, the elderly, people who are hard of 
hearing, and people impaired by alcohol.

While people sleep their brain remains in an active state, monitoring the external 
environment for stimuli that may require response [7]. When a signal from the envi-
ronment is received, it is processed by the brain and examined for significance 
below the level of conscious awareness. If the signal is processed as lacking in sig-
nificance, then sleep will be maintained; however, if it is processed as requiring 
attention, then arousal from sleep will follow. Therefore, it is not simply the loud-
ness of a signal that will predict a response. This is exemplified when we consider 
that people who live near a railway crossing or airport can very often sleep through 
the cacophonous sounds that intermittently occur in these environments. The famil-
iarity of the environment renders the sound insignificant.

The significance of a signal can be determined by its novelty, or by learned asso-
ciations. If an unexpected sound occurs it may signal a situation that needs atten-
tion, and wakefulness may follow. Likewise, if a sound is associated with emotional 
significance such as a person’s name, or with a situation signaling danger or provok-
ing action such as the sound of breaking glass, then it is also highly likely that an 
unimpaired person will awaken very quickly. This is demonstrated by research 
which showed that people will respond more often to their own name than to a dif-
ferent name in all but the deepest stages of sleep [53]. The importance of learned 
associations is also highlighted by research demonstrating that people can be moti-
vated or “primed” to respond to specific auditory stimuli while asleep. In 1961 [74], 
researchers Zung and Wilson conducted a study that attempted to prime participants 
while awake to respond during sleep to a specific nonthreatening signal (e.g., a 
doorbell), but not to other similarly benign signals (e.g., a telephone). Their results 
showed that the response rate to the primed signal increased from 25% to 90% dur-
ing the deepest stages of sleep.

Along with other work, this has lead psychologists to conclude that the brain 
appraises the emotional significance of a signal before sleep maintenance or arousal 
will occur. This has been confirmed by research using brain imaging to show that 
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different areas relating to emotional processing are activated in response to a per-
son’s name during sleep, compared to when they are awake [55]. During sleep, 
emotional stimuli is processed following a different pathway that bypasses the 
“thinking” part of the brain (cortex) to prompt more immediate arousal, at a lower 
threshold of sound level, and with a greater chance of causing awakening. The path 
followed is similar to the one that causes a reflexive fear response when we are 
awake, and with the same immediacy of readiness to respond. The notion that 
arousal is affected by signal significance or learned associations can clearly be 
applied to the design of the smoke alarm signal. It reinforces that the signal should 
be immediately recognizable and provides support for the use of a standardized 
signal such as the T-3 pattern when people are asleep, as well as when they are awake.

Given the importance of being asleep as a risk factor for death in fire, research on 
auditory arousal thresholds (AATs) has been applied to smoke alarm signal design. 
The term AAT refers to the minimum sound pressure level an auditory signal must 
reach to be detected by a sleeping individual, causing them to wake. Sleep cycles in 
stages, moving sequentially from wakefulness through stages 1 to 4, and back again 
in reverse order before a period of rapid eye movement sleep (REM) is experienced. 
These cycles recur across the night with about a 90 min periodicity. It can be more 
difficult or take longer to awaken a person in some stages compared to others. 
Stages 1, 2, and REM represent lighter sleep, where a person can most easily be 
roused, and Stages 3 and 4 represent progressively deeper sleep, where a person can 
be much more difficult to awaken [7]. Most deep sleep occurs in the first third of the 
night, and after that much more time is spent in lighter sleep stages. As previously 
explained, standards mandate that a smoke alarm signal should be received at a 
sound pressure level of at least 75dBA at the pillow, but is this generally loud enough 
to awaken sleeping individuals? Research using pure sound tones (unrelated to 
emergency warning signals) has found that the sound pressure necessary to wake 
one person up may very much vary compared to the next, to the extent that indi-
vidual differences account for most of the variance in auditory arousal thresholds 
(AATs; [73]). This study reported that differences in AATs across sleep stages span-
ning both light (Stages 1, 2, and REM) and heavy sleep (Stages 3 and 4) varied 
within different adult age groups in the range of 54–82dBA between individuals.

Knowledge from AAT research has been used to inform why sleeping people 
from the most at-risk groups die despite the presence of a working smoke alarm. 
Several auditory signals with different spectral complexities have been investigated 
for their ability to wake people from different vulnerable groups. Spectral complex-
ity refers to the modulation of pitch within a sound, with a pure tone resounding at 
a single level of pitch, and a square wave resounding across a spectrum of varying 
pitches. To explain in simple terms, a pure tone might be described as the sound 
generated when a single key is struck on a piano, whereas a square wave is more 
closely akin to when a chord combining several notes is played. Other signals 
including bed and pillow shakers and strobe lights have also been explored. In 2007, 
Bruck and Ball published a paper summarizing research carried out on the response 
of sleeping individuals from at-risk groups towards the development of an optimal 
signal for the smoke alarm. The following section will provide a brief summary of 
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some of the research presented in that paper, adding more contemporary findings 
where applicable.

As previously highlighted, an important risk factor for death in residential fire is 
age, with the very young and the very old most vulnerable. It is known that AATs 
gradually decrease with age across the lifespan, and that it is much harder to rouse 
a young person from sleep than an older person. Results of a study investigating 
AATs comparing groups through the childhood years to young adulthood 
(5–24 years) reported vast differences in average AATs between the youngest group 
(5–7 years; Mean = 111.6dBA, SD = 12.5dBA) and the oldest group (20–24 years; 
Mean = 67.8dBA, SD = 21.9dBA). In fact, until early adulthood (20–24 years), the 
average sound pressure level to provoke a response was considerably above the 
recommended level of 75dBA to be received at the pillow for a smoke alarm, with 
the AAT for child groups ranging from 111.6dBA in those aged 5–7 years, to 97dBA 
for adolescents [22]. These results are in keeping with other sleep studies showing 
that children experience more deep sleep through the night than adults, and that the 
deep sleep they experience is qualitatively deeper [2].

When this knowledge is applied to smoke alarm research, studies using different 
alarm signals have shown fairly consistent results. Early research showed that chil-
dren aged 6–15 years will not reliably awaken to a high-pitched beeping alarm sig-
nal presented at 60dBA [8] or 89dBA [10]. A later study comparing responses of 
children aged 6–10 years to various alarm signals showed that significantly fewer 
children responded to the high-pitched (4000 Hz) pure tone alarm compared to a 
lower-pitched (520 Hz) square wave (modulating 500–2500 Hz) signal. It further 
showed that voice alarms (including the child’s mother’s voice using the child’s own 
name, and an actress’s voice spoken in urgent tones) were both more successful in 
terms of the number of children awakened and timeliness of awakenings, compared 
to the high-pitched alarm signal. However, no advantage was apparent for these two 
signals when compared to the lower-pitched (520  Hz) signal [15]. These results 
have been confirmed in recent large-scale studies with children investigating a range 
of different signals presented at 85dBA at the pillow including maternal voice 
alarms using the child’s name, a female stranger’s voice, a male stranger’s voice, a 
hybrid alarm (combining the female stranger’s voice and the 520 Hz signal), the 
lower-pitched 520  Hz square wave, and the conventional high-pitched (approx. 
3200 Hz) signal. Regardless of comparative signal, these studies consistently report 
that the conventional high-pitched alarm performs significantly worse in arousing 
children from sleep [63–65]. It was further reported that the 520 Hz signal and the 
female stranger’s voice outperformed the signal with the mother’s voice using the 
child’s name, confirming the earlier findings of Bruck et al. [15] that personalizing 
the signal did not improve effectiveness [64].

Although these studies were conducted in the child’s own home while they were 
sleeping in their own beds, all used somewhat contrived methods since sounds were 
delivered using externally provided audio equipment. Additionally, most delivered 
sounds using the modified method of limits (i.e., presenting sounds at gradually 
increasing volumes) in order to determine which signal would prompt awakening at 
the lowest sound level (i.e., to investigate AATs). A separate project took a novel 
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approach to investigate the response of children to smoke alarms using more natu-
ralistic methods. Bruck and Thomas [14] recruited a community sample of parents 
of children aged 5–15 years and asked them to set off the home smoke alarm closest 
to their child’s bed, 1–3 h after sleep onset. Home smoke alarms at this time still 
emitted the high-pitched pure tone (as do alarms in most homes today), and it was 
reported that 78% of children aged 5–15 years slept through 30 s of alarm presenta-
tion (ages 5–10 years 87% slept through, and for 11–15 years 56%).

Age can affect the response to smoke alarms in older adults differently to chil-
dren. Humans experience less deep sleep as they age, so it seems intuitive that 
elderly people would have little trouble in responding to a smoke alarm signal. 
However, as we age, we are also more likely to experience hearing loss, especially 
regarding sensitivity to higher pitched signals. Cruickshanks et al. [25] studied hear-
ing in the right ear of men aged 48–92 years who were awake and demonstrated that 
the threshold for being able to detect a tone presented at 3000 Hz was considerably 
higher than for a 500 Hz tone. From their data, it can be seen that a 3000 Hz signal 
would need to be presented on average at least 30dBA louder than a 500 Hz signal 
in order for a 70 year old man from the study cohort to detect it. In 2006 [11], Bruck 
and Thomas conducted a study investigating the response of sleeping older adults 
(aged 65–85 years) to different signals including a 3000 Hz high-pitched pure tone 
T-3, a 520 Hz square wave T-3, a 500 Hz pure tone, and a male voice. Consistent 
with the findings for children reported earlier, they found that the high-pitched 
3000 Hz signal was the least effective of all presented. This signal needed to be 
transmitted at 20dBA higher volume on average to initiate a response compared to 
the best signal, which was once again the 520 Hz square wave (T-3). They reported 
that people aged over 75 were particularly vulnerable to sleeping through the high- 
pitched alarm, and that the minimum pillow volume of 75dBA was insufficient for 
this age group if the 3000 Hz signal was used.

Further research investigating the optimal signal to awaken people who are hard 
of hearing was conducted by Bruck and Thomas [12] for the US Fire Protection 
Research Foundation. These researchers investigated three auditory signals using 
the T-3 pattern including a 400  Hz square wave, a 520  Hz square wave, and a 
3000 Hz pure tone (high-pitched smoke alarm signal), together with an under mat-
tress bed shaker, a pillow shaker, and strobe lights. They used the modified method 
of limits (with signals gradually increasing in intensity across time) to determine 
waking thresholds and found that the 520 Hz square wave was the singular most 
effective signal, successfully awakening 92% of their hard of hearing participants 
when presented at 75dBA for 30 s, increasing to 100% when the sound pressure 
level reached 95dBA. They further reported that 80–83% responded to the bed or 
pillow shaker (respectively) at the intensity of purchase, and that the bed shaker 
specifically was significantly less likely to awaken people aged over 60 compared to 
people from younger age groups. Finally, they reported that strobe lights were not 
an effective means to awaken participants from any group. They concluded that the 
best alarm for alerting people who are hard of hearing should likely combine the 
520 Hz signal with a vibrating alerting device such as a pillow or bed shaker, based 
upon the signals they tested.
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Finally, the most widely reported risk factor for death in fire is alcohol intoxica-
tion. Examination of 17 studies published prior to 2011 showed that where data are 
collected about blood alcohol concentration (BAC), about half of all fire fatalities 
tested positive, and about one fifth to one quarter of these were highly intoxicated 
(defined as BAC .20 mg/dl; [18]). A study comparing demographic, behavioral, and 
environmental factors for 95 victims of fire from Australian coronial records showed 
that 58% of fatalities tested positive for alcohol, and 95% of these showed BAC of 
.10 mg/dl or greater. This study showed that being aged 18–60, the involvement of 
smoking materials in ignition, having no pre-existing conditions preventing escape, 
and being male were all significantly associated with fatalities who had consumed 
alcohol, compared to those who had not [18].

Two studies are known to have used the modified method of limits to examine 
AATs to different alarm signals when participants were under the influence of alco-
hol. First, Ball and Bruck [4] reported results of a small pilot study comparing the 
effectiveness of different auditory signals in awakening self-reported deep sleeping 
young adults under sober, .05 mg/dl BAC, and .08 mg/dl BAC alcohol conditions. 
They compared a female voice alarm with the high-pitched 3000 Hz smoke alarm 
signal, and a 520 HZ square wave T-3 and found that the female voice alarm and the 
520 Hz square wave T-3 were significantly more likely to awaken individuals under 
the influence of both alcohol conditions. Most importantly, analyses also showed 
that it was significantly more difficult to awaken participants under the influence of 
alcohol compared to when they were sober, even at the lower level of intoxication 
[4]. Stochastic modelling using these same data subsequently showed that the prob-
ability and estimated waking up threshold for the various alarm signals were differ-
ent between males and females, with males proving less sensitive (and therefore 
harder to awaken) than females across all conditions, including under the influence 
of alcohol [33].

The Ball and Bruck [4] study was a pilot investigation with a small number of 
participants only; however, their findings lead the US Fire Protection Research 
Foundation to fund a larger scale project. This larger study compared the response 
of sleeping young adults (aged 18–26 years) at .05 mg/dl BAC to several different 
signals, including a 400 Hz square wave, a 520 Hz, a 500 Hz pure tone, a 3100 Hz, 
a bed shaker, a pillow shaker, and a strobe light, all presented using the T3 pattern 
[16]. They reported that the 400 Hz and 520 Hz square waves were significantly 
more effective than the other auditory signals, and woke participants at the AAT of 
75dBA or less for 93–100% of participants, respectively. They also reported that 
bed shakers, pillow shakers, and strobe lights were all found to be ineffective in 
awakening young people under the influence of alcohol.

In response to the assumption that this is due solely to the pitch of the signal, a 
study compared signals of different pattern, pitch, and spectral complexity (pure 
tone vs. square wave). The study tested alarms including beeping signals in the low- 
to- mid frequency range (400, 520, 800 and 1600 Hz square waves), whooping white 
noise signals (spanning 400–1600 Hz and 400–800 Hz), and two signals combining 
square wave (520, 800 and 1200 Hz) and pure tones (400, 800 and 1600 Hz) pre-
sented consecutively in order of ascending pitch [17]. All signals were presented 
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using the T-3 pattern to match international standard ISO-8201 [34]. Results showed 
that the lower-pitched 400 and 520 Hz square wave signals produced significantly 
lower AATs compared to the other signals. The researchers concurred with previous 
work to conclude that the 520 Hz square wave signal would be their recommended 
sound for the smoke alarm signal [17]. 

Across all studies reported here comparing the effectiveness of different signals 
in awakening people who are most at risk of death in fire, a remarkably consistent 
finding is that the 520 HZ square wave T-3 has been found to be the most successful. 
However, it is important to note that unimpaired adults generally respond very well, 
regardless of signal. Although statistical differences are found between AATs for 
different alarm sounds, for unimpaired adults these differences are in the magnitude 
of 1–2 s [66] and are so small as to be unlikely to alter outcomes in the case of a 
home fire. However, as has been demonstrated, the same cannot be said for vulner-
able groups. When considering this body of work, it is important to note that these 
studies necessarily contained an element of priming, in that participants were usu-
ally aware that the intention of the study was to wake them up with a signal after 
sleep onset. Nonetheless, there was also an attempt to preserve ecological validity 
by carrying out the procedures in a person’s own home while they were sleeping in 
their own bed. Furthermore, the priming effect was equal for all signals. A pleasing 
result from the extensive body of work presented within this chapter is that local 
standards in several countries now mandate a 520 Hz signal for new smoke alarms 
(e.g., Australia) or for all smoke alarms to be used in areas where people are sleep-
ing (e.g., USA). This progress acknowledges the elevated risk for death in fire that 
is associated with a raft of individual human characteristics and behaviors.

2.2  Response When People Are Awake

Despite the historic intention of smoke alarms in residential homes to wake people 
up during fire emergency, they were originally used in large and public buildings to 
alert people to the presence of fire when they are generally awake, but possibly 
unaware. Beyond the design and technical features of smoke alarms, people play an 
integral role in their effectiveness as a fire safety measure. Hence, it is pertinent to 
consider how people might respond to a smoke alarm signal they become aware of. 
Ideally, when an alarm signal sounds, awake people should respond immediately by 
ceasing all prior activity and moving quickly to the closest building exit for evacu-
ation, unless directed otherwise. Despite general knowledge of this protocol, it is 
remarkably common for people to not respond in this way, but rather to continue 
with their prior activities, delaying evacuation and decreasing the time available for 
safe retreat [44]. As a result, pre-emergency activity has become a point of interest 
for human behavior in fire research and has provided some surprising results. For 
example, information from 375 evacuees of a 32-story high-rise office building fire 
in the US revealed that 65% of people either continued with their prefire activity 
and/or waited for clear instructions for action before responding to the alarm 
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[40]  - But why is it that people do not respond to smoke alarms as intended? A 
number of underlying psychosocial factors can explain this lack of response to 
emergency signals, including the smoke alarm.

First, a necessary precursor for action is attention. If a person does not pay con-
scious attention to sensory information (i.e., smoke alarm signal), then that informa-
tion is unable to be cognitively processed any further, and therefore is unable to be 
acted upon [21]. Attention directed towards prior activities can hinder the recogni-
tion of, and response to, smoke alarms. When a person is immersed in an activity at 
the time a smoke alarm sounds, even when that activity seems unimportant (e.g., 
watching TV, working on a computer, playing video games), they may fail to pay 
attention to the auditory sensory cue and continue with their activity as normal. In a 
similar way to someone who may be asleep, this unintentional ignorance is the 
result of attentional bias towards the prior activity impeding the taking in of new, 
unrelated (fire cue) information [38].

However, even when people are aware of and pay attention to a smoke alarm 
signal, this does not guarantee action. Even when smoke alarms are noticed, the 
absence of other obvious cues may make the signal ambiguous, and people may 
continue with their preexisting activity until a cue that is more explicit and/or intense 
is perceived [45]. The frequency, intensity, consistency, and credibility of cues all 
inform a person’s perception of fire threat [26, 41]. The credibility of smoke alarms 
can be compromised by previous exposure to false alarms as people draw on their 
past experiences to inform decision-making in new situations [38]. Hence, a history 
of previous false alarms can result in a biased and incorrect interpretation of real 
alarms [37]. The way a person perceives the nature and intensity of a smoke alarm 
and their analysis of their own personal risk will influence their subsequent action 
or inaction [23]. More specifically, a person who interprets a significant fire threat 
(e.g., fire in close proximity) is likely to respond more readily than a person who 
perceives the risk to be low (e.g., fire on another floor of a building) ( [41, 62]). A 
study by Gerges et al. [28] found that 74% of people reported they would ignore a 
fire alarm completely, yet “getting the kids and leaving” and “leaving immediately” 
were the top two ranked actions reported if visual fire cues were observed (i.e., 
flames and smoke).

In addition to drawing on our past experiences for information to guide our 
behavior in a similar situation, people also seek information from their social con-
text. Irrespective of individual personality differences, our behavior in social set-
tings is largely determined by a set of social scripts, known as schemas, which we 
develop over the course of our lives. These scripts help us to function effectively in 
social settings because they provide us with a set of norms, or rules of how to 
behave and predictions of what to expect from other people. These schemas provide 
us with knowledge regarding protocols for expected behavior in familiar situations 
(e.g., cooking dinner at home, ordering a coffee at the café, or attending a football 
match). Even in unexpected emergency events people adhere to social expectations 
relevant to the (non-emergency) context they are in [39]. For example, people eating 
dinner in a restaurant may be reluctant to evacuate immediately because social rules 
require them to pay for their meal before leaving. Likewise, people living in an 
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apartment complex may not consider fire safety as their responsibility unless they 
are designated a role, e.g., as a fire warden. In addition, when faced with a some-
what ambiguous or novel situation where our schemas are not particularly strong, 
people may seek guidance by observing the behavior of others.

The presence and behavior of other people in social situations influences our own 
behavior significantly. In fire emergencies, people can be leaders or followers, but 
most commonly take on the follower role when others are present. This means they 
may not immediately respond, but will wait to be guided by the actions of others 
[39]. Over 50 years ago, Latane and Darley [42] conducted a pivotal study on social 
influence, or the ‘Bystander Effect’ in fire emergencies. Participants were seated in 
a waiting room that subsequently began to fill with smoke and were exposed to one 
of three conditions including alone, accompanied by other naïve people, or accom-
panied by deliberately passive study confederates. Findings revealed that partici-
pants were most likely to report the smoke when alone (75%), and to do so more 
swiftly. Alarmingly, when people were with others, only 10% of those seated with 
the passive confederates and 38% of those with naïve people reported the smoke. 
Three underlying psychological mechanisms are proposed to mediate the influence 
of passive bystanders. These include diffusion of responsibility (i.e., the belief that 
someone else will speak up/act when in the presence of others); evaluation appre-
hension (i.e., the fear of making an inaccurate interpretation of a situation and tak-
ing subsequent socially incorrect actions that will be observed by other people); and 
pluralistic ignorance (i.e., the assumption that others “know better” when the situa-
tion is ambiguous; [42]). Evidence from a recent replication study supports the 
negative influence of passive occupants on the inaction of others [36]. However, this 
study also found a positive influence of proactive bystanders, whose evacuation 
behavior was followed. It appears that when a fire cue is ambiguous, people seek 
guidance about behavior by observing others. If other people remain passive, this 
leads to a reduction in threat perception.

Presumably, fire drills will alter human behavior by reinforcing a schema of the 
best way to respond. However, research on egress has focused very much on collect-
ing data to be input into evacuation models used by fire engineers, and much less 
focus has been on how people actually perform in a real fire emergency as a result 
of taking part in fire drills. Furthermore, exposure to repeated fire drills can have the 
reverse of the desired effect by creating a contempt of false alarms [30]. This does 
not mean that fire drills are not important, or that they do not change human behav-
ior, but rather that more work needs to be done to investigate their real-world impact.

3  Conclusion

The body of research on human response to smoke alarms has provided important 
information that has been used to improve their effectiveness in the decades since 
their first inception. However, this research also shows that their effectiveness 
should not be naively considered as a safety guarantee. As described above, there 
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are many factors involved in the smoke alarm-human response interaction. The real-
ity is there are times when people will not respond to fire alarms – regardless of 
whether they are awake or asleep. The research presented in this chapter clearly 
demonstrates that smoke alarms save lives in residential settings. It has also clearly 
shown that different types of smoke detector are best suited to sensing different 
types of fire. There are segments of the community that strongly advocate for the 
use of the more costly photoelectric smoke alarms over the less expensive ionization 
units, but the research clearly supports that it is better to have any type of smoke 
alarm, than to have none at all.

There is also a substantial body of research that has investigated the optimal 
pitch for the smoke alarm signal when it is to be used to awaken people who are 
sleeping. This research has overwhelmingly supported the use of a 520 Hz square 
wave signal as superior in waking vulnerable groups compared to other signals 
tested. This includes the much used high-pitched alarm that until recently was uni-
versally used in commercially available smoke alarms. Pleasingly, engineering stan-
dards in many jurisdictions now specify the use of the 520 Hz signal, especially 
when the alarm is to be used to alert sleeping individuals.
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Chapter 9
Impact of Interior Doors on Residential 
Fire Safety

Victoria N. Hutchison and Simo Hostikka

Abstract Doors play an important role in residential fire safety. Research has doc-
umented that doors can be an effective means to slow the spread of fire and smoke 
in home fires and have the potential to increase the available egress time for home 
occupants. While doors can be used as valuable barriers to the effects of fire, they 
can also serve as obstacles for detection, occupant notification, and evacuation. The 
impact of doors in residential fires can be influenced by both human and fire behav-
iors. Additionally, there may be a risk of pressure peaks during the early stage of the 
fire that may make it difficult to open doors that do not open outwards. This chapter 
provides an overview of the role interior doors play in residential fires, including the 
benefits, inhibiting factors, and unknowns.

Keywords Interior doors · Smoke alarm · Audibility · Evacuation · Compartment 
fires · Pressure effects

1  Introduction

Doors are a fundamental element in residential dwellings and apartments world-
wide. Interior doors define and compartmentalize a home, providing physical, 
visual, and acoustical privacy. However, interior residential doors have undergone a 
dramatic change over the last several years. Doors have historically been constructed 
from solid pieces of wood. But the global shift toward environmentally sustainable 
products has caused a shift in priorities, including the more efficient use of material 
and financial resources. To optimize materials resources, the construction materials 
for interior doors have changed from solid-core wood doors to hollow-core 
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composite doors. While doors can act as a physical barrier to fire and smoke, inte-
rior residential doors are generally not viewed as strong fire-resistive elements.

2  Doors in Residential Dwellings

While the global residential building stock is diverse, the most common type of resi-
dential units can be classified into two categories: single and multifamily dwellings. 
To quantify the impact of interior doors on residential fires, it is first important to 
understand the types of doors, their characteristics, and locations within residences.

2.1  Types of Residential Interior Doors

A vast array of doors may be found in residential dwellings, including hinged pri-
vacy doors, sliding doors, pocket doors, and folding doors. Interior doors are often 
characterized by their design, such as flush doors, paneled doors, sash doors, or 
louvered doors and  their construction type  – either hollow-core or solid. Today, 
hollow-core, flush panel doors are becoming increasingly common in interior resi-
dential applications. Due to their use of engineered materials, these doors are low- 
cost, lightweight, and easy to install [18].

Hollow-Core doors

Hollow-core doors consist of a solid wood or composite frame with an essen-
tially hollow interior, which is often constructed of cardboard, arranged in a honey-
comb pattern. The specific material, pattern, and density of the core can vary. The 
outside of the door typically consists of some type of paneling or timber veneer. 
Hollow-core doors are intended to act as a low-cost, lightweight, and environmen-
tally friendly alternative to solid wood doors. These doors can be styled to replicate 
the look of solid wood doors, while using less materials. These doors are most com-
monly used as interior residential doors, due to their reduced strength, insulation, 
and security as compared to solid doors; however, they can be used as exterior doors 
under certain circumstances [17].

Solid-Core doors

Solid-core doors utilize an engineered construction method to provide a door that 
is a hybrid of hollow-core and solid wood doors. This door type uses a solid core 
that is constructed of engineered or composite wood, like Masonite or Fiberboard. 
A fine-grade surface wood veneer or engineered wood that is made to give the 
appearance of a frame and panel door is then glued on top of the solid core. 
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Solid- core doors that are at least 44.45 mm (1 ¾ inches) thick can offer more fire 
resistance than other interior doors [17].

Solid-Wood doors

Solid wood doors are constructed entirely of natural woods, such as pine, oak, 
and maple, among others. While they can be made of a single, unified slab of wood, 
this is rather rare. They are most often built using the frame-and-panel method of 
construction, which creates a classic six-panel door that has been used for centuries 
around the world. While these paneled doors appear to be one piece of contoured 
wood, these doors consist of a conglomerate of individual panels, mullions, stiles, 
and rails that secure the six panels together [18].

Fire-Rated doors

A fire door is a door that acts as part of a passive fire protection system to delay 
the spread of fire and smoke between compartments within a home or structure. Fire 
doors are classified by their fire-resistance rating, which determines the duration in 
which the fire door, or passive fire protection system, is designed to withstand the 
conditions of a standard fire resistance test.

2.2  General Placement of Doors in Residences

In a traditional residential dwelling, there will be a combination of interior and 
exterior doors.

While any requirement for fire resistance barriers or door sets is dependent on 
local regulations, most one- and two-family dwellings are not required to have fire- 
resistant doors. The most common door type in one- and two-family homes today is 
hollow-core doors, although solid wood and solid-core doors are still used. However, 
some regions, like the UK, recommend that single-family dwellings with at least 
one story exceeding 4.5 m have a fire-resisted, protected stairway. For the stairwell 
to be protected, all doors leading into the protected stair or hall area would need to 
have a rated fire resistance per the relevant standard [4].

In an apartment setting, multiple dwelling units typically share a common  
hall or exit way. In this type of multifamily dwelling, the hallway needs to be a 
protected exit corridor, therefore the doors leading out of each individual dwelling 
unit and the exit doors are generally required to be self-closing and have a rated  
fire resistance per the applicable standards, such as by Boverket’s Building 
Regulations (BBR), NFPA 101®, Life Safety Code, or other local or regional 
standards.
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3  Residential Fire Scenarios and Occupant Behaviors

3.1  Residential Fire Scenarios

When examining residential fires from various countries including the United 
States, Norway, Estonia, Denmark, Sweden, and the Netherlands, living room fires 
appear to be the leading area of origin for residential fire fatalities, followed by the 
bedroom [1, 3]. While kitchen or cooking area fires continue to be a leading area of 
origin in home fires around the world, these fires are less likely to result in fatalities 
than those in living rooms and bedrooms. Across the board, the largest percentage 
of fire fatalities occur during sleeping hours. In most countries examined, smoking 
was a leading cause of residential fire fatalities. Data indicates that single-family 
dwellings and apartments are the dwelling types that account for the large share of 
fire-related fatalities. While the overall number of victims per dwelling type is fairly 
evenly split, data indicate that occupants in apartments may be at higher risk of 
dying in a fire, particularly in Europe [3].

3.2  Occupant Door Position Habits

When assessing residential fire risks, occupant habits with regard to door posi-
tion must be understood. A survey was conducted on 304 occupants, predominately 
located in the United Kingdom, to study door closing habits in their own residential 
dwellings. While it does not provide an international perspective, it does provide 
insight into common door positions and the reasoning for one position or the other. 
Overall, there was found to be a 60% probability of the occupant’s bedroom door 
being closed while sleeping and a 45% probability of the living room door being 
closed, if present [5]. Occupants having children or pets were more likely to sleep 
with the bedroom door open. However, the probability of door closure varies signifi-
cantly with the property type. Hopkin et al. found apartment residents to be 19% 
more likely to close bedroom doors than those living in one- or two-family dwell-
ings [5].

4  Fundamentals: Role of Interior Doors in Residential Fires

Whether the interior residential doors are used to compartmentalize different areas 
of a residence or separate a residential unit from a common corridor, they impact 
several aspects of residential fire safety, with both positive and negative attributes. 
Doors can influence fire dynamics, detection of smoke, occupant notification, pres-
sure effects in the home, and safe egress. Beyond the physical aspects, human 
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behavior and the decision to close an interior door impacts the role interior doors 
can play in residential fire safety.

4.1  Fire Performance of Interior Doors

Interior residential doors are typically intended to act as a partition separating rooms 
and corridors in a residence, rather than as a passive, rated fire barrier. This is par-
ticularly true in single-family dwellings. Larger residential complexes may be sub-
ject to additional regulations to provide a protected exit corridor, but nevertheless, 
the interior doors within each individual apartment unit will likely not be made of 
fire-resistive construction, but rather act as a partition between rooms. Although fire 
and smoke separations are required in commercial building codes to minimize the 
impacts of fire, there are limited requirements for residential dwellings [10]. Interior 
doors can, however, act as a temporary barrier to fire and smoke.

The performance of a fire door or interior partition door assembly can be charac-
terized by the ability of the door to retard the passage of fire and its effects (heat and 
smoke) into an adjacent compartment. There are several testing standards available 
that establish the methodology for evaluating the fire performance of door assem-
blies, including UL 10(B), Standard for Fire Tests of Door Assemblies, UL 10(C), 
Standard for Positive Pressure Fire Tests of Door Assemblies, NFPA 252, Standard 
Methods of Fire Tests of Door Assemblies, NFPA 80, Standard for Fire Doors and 
Other Opening Protectives, the British Standard Specification for Fire Tests on 
Building Materials, and Structures, B.S. 476 Part 1, EN 1634, Fire resistance and 
smoke control tests for door and shutter assemblies, openable windows, and ele-
ments of building hardware, among others. The temperatures within the furnace 
during the testing are required to comply with the standard temperature-time curve 
as specified in ASTM E-119 and NFPA 252.

An interior residential door’s impact on slowing fire spread from one compart-
ment to another was examined in a study conducted by Gross and Shoub [9] through 
a series of conventional standard furnace fire tests of 16 interior doors [9]. It was 
found that a traditional, solid wood, paneled door and frame only acts as a fire bar-
rier for approximately 5 minutes. Since one of the objectives of this study was to 
assess alternative methods to improve fire performance of wood doors utilized in 
homes, the study also found that conventional or fire-retardant paints did not appear 
to have a noticeable impact on fire performance; however, a fire-retardant paint with 
fiberglass reinforcement extended a wood-paneled doors’ ability to act as a fire bar-
rier for an additional 11 minutes.

Similarly, a study by Kerber tested three different types of doors that are reflec-
tive of the doors found in residential dwellings today [2]. This study examined a 
hollow-core oak door, a hollow-core composite door, and a solid wood 6-panel 
door. Interestingly, the type of wood or material used on the door had little impact 
on its fire performance. The time to failure for all three doors was approximately 
300 seconds, or 5 minutes, which is consistent with the results of the Gross and 
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Shoub study from 1966. The two hollow-core doors showed similar fire behavior, 
with relatively rapid fire spread to the unexposed side of the door. Surprisingly, the 
solid wood-paneled door also failed within approximately the same time frame, 
with the points of failure being on the paneled sections of the door. Since the relative 
thickness of the panel was significantly thinner than the rest of the wooden door, the 
panel areas failed quickly while the remainder of the door stayed in tack. These fire 
test  results show the overall thickness of the door as the  primary driver of their 
respective failure times – where failure is qualified as when the unexposed side of 
the door sustained burning.

4.2  Notification: Doors as a Barrier to Sound

In any fire scenario, early and effective detection and notification of the fire is essen-
tial for safe occupant egress. A closed interior door can be an effective barrier to fire, 
heat, and smoke; however, it has the potential to impair the alerting of sleeping 
occupants to fire, particularly if the alarm is located outside of the sleeping room. 
The risk presented by a closed, interior residential door with regard to notification 
is two-fold. First, the door could delay activation of a smoke alarm if an alarm is not 
present in the room of origin. And second, the door could delay occupant notifica-
tion of the fire due to the audible attenuation by the door. With high-risk fire sce-
narios likely to occur when occupants are assumed to be asleep, it is essential to 
minimize delays in detection and occupant notification. Thus, the impact of an inte-
rior residential door on detection and notification is important to quantify by an 
assessment of the passage of smoke through closed doors and sound transmission 
through doors and other building materials.

4.2.1  Smoke Alarm Activation Delays from a Closed Door

One of the most important performance metrics for residential fire safety is the cal-
culation of the time between alarm activation and the onset of untenable conditions 
for occupants in the home. Detection can be adversely impacted by closed doors 
since the barrier has the potential to delay or prevent activation of the smoke alarm, 
when it is located outside the room of origin. Studies, including Bukowski et al. 
(2008) and Thomas et al. (2010), have shown that alarm activation and the delay in 
activation time are strongly related to door position [23, 26].

The quantitative assessment of the potential time delay is dependent on a number 
of factors, including the location of the fire, the smoke alarm presence and location, 
distance from the source of the fire to the alarm, the air tightness of the home, sen-
sitivity of the detector, type of door and position, among other variables.

Experiments conducted by Thomas and Bruck on four bedroom fires found that 
when the door in the fire compartment was closed, the amount of smoke that escaped 
around the cracks of the door was too low of a concentration to activate the alarms 
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in the hallway [23]. Similarly, experiments by Bukowski showed that the time to 
untenability was reached before alarm activation in 50% of the closed bedroom 
door experiments, when no alarm was present in the room of origin [7, 26].

If smoke alarms are not placed inside and outside the bedroom or the residence 
does not have interconnected alarms, the delay or lack of smoke alarm activation 
from a closed interior door can substantially impact the available safe egress time 
for occupants and compromise safety.

4.2.2  Delays to Occupant Notification by Sound Attenuation

When no obstacles are present, sound travels uniformly in a direct path from the 
sounder to the receiver, where the observed sound pressure level decreases propor-
tional to 1/distance. But when a barrier is put in its path, the sound is diffracted; 
some of the sound is transmitted through the barrier and some is reflected. The value 
by which doors reduce sound pressure levels is dependent on the type of door and 
its corresponding characteristics. According to Schifiliti et al. (2016), hollow-core 
flush panel doors with an air gap, hollow-core flush panel doors hung with edge 
sealing, and solid hardwood doors hung with edge sealing attenuate sound by 14 
dBA, 20 dBA, and 26 dBA, respectively [8]. A common stud wall is also estimated 
to reduce the sound pressure level received on the other side of the wall by approxi-
mately 35 dBA [11]. Alternative construction methods and materials can influence 
the attenuation of sound through respective barriers.

To determine the sound received at a specific point in an enclosed space, the 
calculation methods outlined by Schifiliti can be applied [8]. This calculation 
accounts for factors such as the emitted sound pressure level, distance from the 
source, and the characteristics of the compartment, including the type and quality of 
the finishes and furnishings. When the alarm is located outside the area of concern, 
additional factors such as directional considerations, distance from the alarm to the 
partition (e.g., door), the sound attenuation through the wall or door, and the dis-
tance to the receiver on the other side of the partition (e.g., at the pillow in the bed-
room) need to be considered.

The audibility of an alarm signal by occupants is dependent on a few variables: 
alarm characteristics, sound pressure level of the alarm, location of the alarm with 
respect to occupant location, and the sound transmission loss through building ele-
ments such as doors and walls, and occupant characteristics. Regulations like NFPA 
72, Fire Alarm and Signaling Code, and the British Standard, BS 5839-Part 1 
require a minimum sound pressure level of 75 dBA to be received at the pillow 
when a smoke alarm is sounding. However, research has found 72.5 dBA (±17.7 
dBA) to be the average awakening threshold of sober, normal hearing adults in 
response to a high frequency alarm [7].

Several studies [7, 10, 24, 25] have examined the impact of the position of a 
hollow-core door on the received sound pressure level inside a bedroom from 
85dBA and 90 dBA alarms outside the bedroom. Some analyzed an alarm placed 
directly outside the bedroom door, while others examined the impact of an alarm 
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Fig. 9.1 Sound attenuation of 85dBA and 90dBA smoke alarms through a closed interior door

being placed at varying distances down a hallway. These results are depicted in 
Fig. 9.1. As shown, when the door is closed, an 85 dBA smoke alarm directly out-
side the bedroom will generally not meet the 75 dBA requirement at the pillow; a 90 
dBA alarm may be acceptable for up to 1.5 m (5 ft) from the bedroom door. The 
Butler et al. [24] study showed that the sound pressure level received at the pillow 
could be 10–15 dBA lower than the required 75 dBA sound pressure level, as the 
distance of the smoke alarm from the closed bedroom door exceeds 6 m (~20 ft).

Through further alarm audibility testing by Thomas and Bruck, five unique resi-
dential geometries were studied with representative alarm frequencies. In the results, 
they found that an 85 dBA alarm located in the hallway resulted in audibility that 
ranged between 40.0 and 74.8 dBA in a bedroom with an open door and 37.4 dBA 
and 55.9 dBA when the bedroom door was closed1 [23]. While the percentage by 
which the door reduces the sound level received in the bedroom will depend on a 
number of characteristics, research indicates that the value can be significant in 
some cases.

Given that only about 55.6% of occupants wake to a sound pressure level of 75 
dBA, and only 33% wake to 64 dBA, a closed door can present significant risks in 
terms of achieving adequate notification [7]. Although requirements for bedroom 
alarms and the interconnection of alarms are increasing, this is currently not com-
mon practice. Most of the residential housing stock where alarms are installed likely 
only have an alarm in the hallway, thus the impact of a closed bedroom door on the 
received sound levels does introduce risks that can delay occupant notification, and 
in turn, egress.

1 Note: This study took measurements inside the bedroom, diagonal from the bedroom door, at pil-
low height. This additional distance could correlate to lower sound pressure levels than some other 
referenced studies.
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4.3  Occupant Tenability: Doors’ Impact on Temperature, 
Smoke Spread, and Gas Exposure

Once occupants are notified of the fire, whether from an alarm or by other means, 
there is a limited amount of time in a residential fire before the conditions become 
untenable. The time and severity of the conditions are dependent on the fire sce-
nario, layout of the home, the vulnerability of the occupants, the location of the 
occupants in relation to the fire, and the occupant’s ability for self-rescue or reliance 
on the fire brigade.

Occupant tenability, defined as an occupant’s ability to survive in a fire setting, is 
a critical parameter in residential fire scenarios. Occupants are exposed to numerous 
airborne contaminants and physical hazards in a fire environment and during egress, 
namely, thermal effects and toxic gas exposures, like carbon monoxide (CO), car-
bon dioxide (CO2), hydrogen cyanide (HCN), among others [29]. Exposure to ade-
quate doses of these toxic by-products can cause incapacitation and death through 
narcosis and irritancy. These fire products can impede egress by causing painful 
stimuli to the eyes, nose, throat, and lungs, which can lead to inflammation of the 
lungs, ultimately restricting breathing and leading to death. Additionally, escape can 
be slowed or hindered by smoke, visually obscuring the egress path, or by thermal 
barriers such as skin pain, burns, or hyperthermia that may result in death during or 
after exposure [29].

The effects of sensory irritation, visual obscuration by smoke, and thermal expo-
sure are generally present immediately upon exposure and the ultimate hazard is 
dependent on and proportional to the concentration. Recommended tenability limits 
for visibility through smoke is OD/m 0.2 for small enclosures and 0.08 for large 
enclosures [31]. The widely accepted tenability limit for skin exposure to radiant 
heat is approximately 2.5 kW/m2. This exposure corresponds to a 200 °C hot gas 
layer and can be tolerated for a few minutes by most occupants [31]. Threshold 
exposure concentrations of common asphyxiant gases at which serious impacts to 
occupant health and safety are expected have been defined in various studies [29–
31] and are summarized in Table 9.1.

Over the years, research on occupant tenability in residential applications has 
highlighted the important role interior doors can play in protecting or slowing occu-
pants’ exposure to the toxic by-products of fire, and in turn, lowering their 

Table 9.1 Tenability limits for incapacitation or death from exposures to common asphyxiant 
gases [31]

5-min exposure 30-min exposure
Incapacitation Death Incapacitation Death

CO 6000–8000 ppm 12,000–16,000 ppm 1400–1700 ppm 2500–4000 ppm
CO2 7–8% >10% 6–7% >9%
HCN 150–200 ppm 250–400 ppm 90–120 ppm 170–230 ppm
Low O2 10–13% <5% <12% 6–7%
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probability of experiencing an incapacitating dose prior to escape or fire department 
rescue [19–22, 27, 28].

Madrzykowski and Weinschenk conducted a series of twelve experiments where 
a fire was ignited on the basement level, and measurements on compartment tem-
perature and concentrations of oxygen and carbon monoxide were captured in bed-
rooms with an open and closed door on the first story of a single-family dwelling 
[27]. Through these experiments, it was found that the oxygen concentrations 
behind the closed interior doors remained at acceptable levels (above 20%), while 
the open-door scenarios had oxygen concentrations ranging between 0.3% and 
19.5%, which created negative health implications in the majority of the tests [27]. 
The experimental data also suggest a strong correlation between a closed interior 
residential door and the ability to keep the CO concentrations to survivable levels in 
the room behind the closed door. With a closed interior door, the CO levels were 
consistently around 0.1% (1000 ppm), which has an effect of slight heart palpita-
tions, whereas when the door was open the CO concentrations ranged from 0.2% 
(2000 ppm) to 3.3% (33,000 ppm). A 0.2% CO exposure for 30 min can cause slight 
heart palpitations, while concentrations between 0.32% and 3.3% can result in 
death, for short periods of exposure. In most of the experiments, the open bedrooms 
experienced elevated temperatures and reached fatal CO exposures and oxygen con-
centrations below survivable levels, while the rooms protected by a close door 
maintained tenable conditions [27].

Similarly, the benefits of a closed door inside the premises of the fire compart-
ment with respect to occupant tenability were confirmed by Kerber [28]. Given a 
living room fire in a single-family one-story dwelling, measurements were captured 
in two side-by-side bedrooms where one door was closed and the other was open. 
The oxygen level never dropped below 19.5% in the room with a closed door, 
whereas it dropped below 10% in the open bedroom [28]. Similarly, the temperature 
in the hallway outside the bedroom was 900 °C, while the temperature in the room 
with the closed door was only 125 °C, over seven times lower.

It should be noted that when an occupant is exposed to toxic gases in a fire atmo-
sphere, they inhale and are exposed to a mixture of toxic products of varying con-
centrations; therefore, the exposures are normalized by the concept of fractional 
effective concentration (FEC) or fractional effective dose (FED), where the expo-
sure concentration of any by-product during a fire is quantified as a fraction of the 
dose predicted to give a negative effect (e.g., incapacitation, loss of consciousness, 
etc.). The ultimate impact on the occupant is dependent on the sum of the received 
dose of each toxic gas exposure.

ISO 13571 [6] specifies a methodology to estimate the fractional effective dose 
(FED) – the time to incapacitation from either thermal or gaseous effects of fire. A 
FED value of 1 is intended to indicate that a healthy adult has obtained a sufficient 
dose of fire-related toxicants and exposures to cause incapacitation. However, there 
is wide variation in occupant’s susceptibility. For instance, young children, the 
elderly, and unhealthy adults are significantly more susceptible to the impact of fire 
effluents than healthy young adults. So, to ensure the majority of the population will 
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be able to escape, a safety factor is commonly applied by setting the acceptable FED 
at 0.3 [21].

Trainia et al. (2017) conducted a series of seventeen experiments in a one- and 
two-story single-family dwelling that investigated the impact of structural geome-
try, fire location, and door position on occupant tenability [10]. The results of the 
one-story experiments indicated that in both living room origin and bedroom origin 
fires, the time to untenability (FED = 0.3) in the bedroom with a closed door was 
approximately 2.5 times longer than the other rooms in the home, and a FED expo-
sure of nearly 46 times less than other areas of the home. With fire department 
intervention occurring within approximately 6  min in the one-story home and 
approximately 10 min in the two-story home, all rooms had exceeded the FED for 
susceptible populations prior to fire department intervention, except for the bed-
room with the door closed. The average time to untenability in all open rooms was 
5 min and 32 s in the one-story home and 9 min 36 s in the two-story home experi-
ments. In the various experiments, occupants in the room behind closed doors had 
between 11  min and 22  min to escape prior to the room becoming untenable, 
depending on the scenario. Crewe et al. found similar results for time to untenability 
in rooms with closed doors [21]. When considering that egress time from residential 
structures can range between 2 and 16 min, according to a study by the National 
Resource Council of Canada, a closed door can significantly increase an occupant’s 
probability for safe egress.

While Bukowski found that a closed door can extend available egress time by 
approximately 10 times [26], it should be recognized that tenability in areas of the 
home not protected by closed doors will likely be poor [27, 28] and may require the 
occupant to depend on fire department rescue.

4.4  Pressure Peaks: Doors’ Impact on Egress

Beyond the concerns of detection, notification, and tenability, we must also consider 
the potential for the door to act as a barrier to egress. In an egress situation, occu-
pants must be able to open the doors that are on their way to safety. In addition to 
the behavioral and smoke-induced physiological challenges, fire-induced pressure 
may prevent the door’s use if the door opens inwards and is relatively air-tight. 
Interior doors are usually not airtight and are therefore unlikely to face the pressure- 
related opening problems.

The possibility of pressure-related door opening challenges has long been recog-
nized in the context of smoke control. The design standards for pressurization sys-
tems, such as NFPA 92, Standard for Smoke Control Systems, and EN 12101–6, 
Smoke and Heat Control Systems,  calculate the critical force by balancing the 
moments of pressure and handle pulling forces: F = ΔP×A×(W/2)/(W−d), where 
ΔP is the pressure difference, A is the door leaf area, W is the door width, and d is 
the distance from the doorknob center to the edge of the door nearest to the knob. 
Possible door closers would increase this force. For typical measurements of 
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A = 1.8 m2, W = 0.9 m, and d = 7.5 cm, we get an approximate formula for the 
required opening force: F ≈ ΔP, when ΔP is in Pa and F in N. Most standards seem 
to propose a critical force in the range of 110 to 130 Pa. This means that the critical 
overpressure of the fire compartment is somewhere between 100 and 200 Pa.

A key event that made researchers and fire authorities aware of the fire-induced 
pressure problem took place in Cologne, Germany, in 2013. The fire ignited in the 
living room of a ‘Passivhaus’ in the night. The occupant woke up, tried to extinguish 
the fire but failed, and decided to escape, just to notice he could not pull the door 
open. After a moment, he managed to open a balcony door and survived to report 
about the event. The doors were later tested and found to be in good working condi-
tions. In their investigation of the incident, Brohez and Duhamel carried out CFAST 
simulations of the fire, showing peak pressures of 500 Pa [12].

Soon after the Cologne fire, Finnish firefighters observed a similar situation in 
their training, where they tried to attack an apartment fire but could not open the 
inwards-opening exterior door due to the high internal pressure. Likewise, occu-
pants inside the apartment also would not have bee able to overcome the high pres-
sure forces on the door to egress either. This conclusion was later confirmed by 
Kallada, Janardhan, and Hostikka in a scientific experiment where a fireman with 
a breathing apparatus ignited a polyurethane mattress inside a 58.5 m2 flat and 16 s 
later tried to open the inwards-opening door leading into the stairway. Opening the 
door was found to be impossible due to the excessive overpressure conditions [14]. 
According to the measurements 26  s from ignition, the internal overpressure 
was 800 Pa.

The dynamics of the pressure development inside a closed house or apartment 
seem to be quite different from the temperature development, which usually follows 
the HRR with some delay. Figure 9.2 illustrates the HRR and pressure behaviors in 
a heptane pool fire inside a closed apartment with three different settings of the 
mechanical exhaust ventilation [14]. Although the HRR reached its peak 70 s from 
ignition, the pressure peaks were reached already at about 30 s, after which the pres-
sure difference decreased and approached zero despite the continuously burning 
fire. Sudden extinction of the fire due to the fuel burnout caused another, negative 

Fig. 9.2 Experimentally measured heat release rate (left) and apartment pressure (right) in the 
experiments of Kallada Janardhan and Hostikka (2017)
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peak in pressure. The magnitude of the pressure peaks showed a clear dependence 
on the ventilation system condition: using the ventilation system as it was built and 
used led to a peak overpressure of 600 Pa. Closing the system tightly increased the 
peak pressure to almost 900 Pa, and opening the ventilation ducts by removing the 
room dampers decreased it to 300 Pa.

But why was this, rather obvious risk of egress impairment, not noticed until 
now, after about 50 years of modern fire science? There appears to be two main 
reasons. First, most of the experimental fire research has focused on temperature as 
a main fire consequence, and high temperatures are only achieved if the fire is well-
ventilated. In most cases, this means open enclosure, where pressure differences 
cannot be observed. Much fewer studies have been done in closed enclosures, and 
they have mainly focused on the effects of vitiation. The second reason seems to be 
the fact that the problem is actually new; it has been created by the increasing air-
tightness of the modern buildings, driven by the energy efficiency requirements. In 
Nordic countries, for instance, the change has been quite dramatic, with air perme-
ability values q50 of reducing from the order of 10 m3/hm2 for 1970s and 80s build-
ings [15] to less than 3 m3/hm2 in the twenty-first century [16], and now approaching 
a value well below 1 m3/hm2 due to the current building regulations.

The influence of the building’s airtightness on the pressure peak has been studied 
by numerical simulations. Hostikka et  al. [13] used a validated CFD fire model 
using the data shown in Fig. 9.2 and then used the model to quantify the effects of 
the apartment envelope airtightness, ventilation configuration, and fire growth rate 
[13]. The building envelopes were classified based on their q50 -values as Traditional 
(q50 = 3 m3/hm2), Modern (q50 = 1.5 m3/hm2), or Near-Zero (q50 = 0.75 m3/hm2). The 
ventilation system had a mechanical inlet and outlet and small-diameter (120 mm) 
ductwork with dampers (closing systems). The three investigated damper configura-
tions represent the situations where (1) there are no dampers, (2) only the inlet 
branch is closed by a damper, and (3) there are dampers on both branches. Figure 9.3 
shows the simulated peak pressures for a 50 m2 apartment with medium, fast, and 
ultrafast t2-fire growth rates. The results indicate that in medium-growth rate fires, 
the critical pressure would not be exceeded with certainty in traditional buildings 
and possibly in modern buildings when dampers are not used for both branches. For 
all the other scenarios, peak pressure could prevent door opening, at least momen-
tarily. The time frames when this occurs for the fast fires were determined by choos-
ing a critical pressure of 100 Pa. With more airtight envelope, the pressure criterion 
is exceeded earlier, and the duration of the egress impairment is longer. In general, 
the dangerous period starts between 20 and 80 s from the ignition and ends between 
220 and 240  s. Unfortunately, these are the moments when typical home fires 
develop life-threatening conditions.

In addition to the possible prevention of door opening, high pressure differentials 
can also open doors that are initially closed if they lack sufficient locking mecha-
nism. This could lead to smoke spread and reduced tenability beyond the room of 
fire origin. However, little to no research has focused on the pressure resistance of 
residential doors, to date.

9 Impact of Interior Doors on Residential Fire Safety
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Fig. 9.3 Simulated peak pressures for medium, fast, and ultrafast fires, and no-escape time frames 
for a fast t2-fire inside a 50 m2 apartment with different levels of the envelope airtightness and 
damper configurations

5  Conclusions

Any closed door, whether hollow-core, solid-core, solid-wood, or fire-rated, can 
provide protection against the effects of fire, such as heat and smoke, for occupants 
outside the room of origin. A closed door can extend the tenability time, providing 
occupants more time to escape and buying time for the fire service to arrive and act 
on the fire. However, the barrier of a closed door can adversely affect alarm activa-
tion and received audibility. The development of the building envelopes and ventila-
tion systems through the modern energy-efficiency norms has also  increased the 
probability of escape impairment through pressure increase, which may prevent 
occupants from opening an inwards-opening door during the first minutes of a resi-
dential fire. The risks and rewards of door position must be taken into account for 
residential fire safety.
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Chapter 10
Prevention of Ignition and Limitation 
of Fire Development in Furnishing 
and Home Environment

Anne Steen-Hansen and Karolina Storesund

Abstract Some fire safety measures will benefit all types of homes and occupants, 
while other measures may not be helpful for people who are considered as espe-
cially vulnerable in a fire situation. Fire safety should therefore be planned and 
designed with a holistic perspective, taking both the specific building and individual 
into account.

One important factor in residential fire safety is the furnishing. The furnishing 
may be easily ignited and may represent large amounts of fuel that can lead to a 
rapid fire development with high heat release and large amounts of toxic smoke.

Fire statistics has shown that the most typical ignition sources in dwelling fires 
are open flames, smoking materials and electrical apparatuses and installations. 
Upholstered furniture and mattresses are often involved in residential fires, both as 
the first items ignited and as objects responsible for fire development. This chapter 
describes the problem connected to soft furnishing and proposes ways of solving it. 
Other types of furnishing, their role in fire development and possible solutions to the 
problem are also described.

1  Strategies for a Holistic Assessment of Residential 
Fire Safety

Fire safety in private homes should be regarded as an obvious quality, just as per-
sonal safety in cars, trains and aircrafts has become the standard. Therefore, the 
chosen fire safety measures should be simple, easy to implement, aesthetically 
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pleasing and cost-effective. They should also be durable, with a long life-time and 
require a minimum of maintenance.

The assessment should as far as possible include environmental and sustainabil-
ity considerations; e.g. does the intended safety measure represent any obvious 
negative effects on health or environment? Which raw materials are required, and 
will the solution be recyclable? Could another measure give the same level of safety?

The probability of ignition can be reduced by simple measures, like by:

• Avoiding that combustible items are placed in the close vicinity of ovens and 
other heat producing units (e.g. sofas and beds close to wood stoves, electric 
heaters placed below curtains).

• Avoiding the use of extension leads.
• Avoiding the use of flaming candles, and instead using battery-powered candles.
• Controlling that electrical equipment has no obvious faults like loose connec-

tions, hot parts or irregular behaviour.
• Using timers on kettles and coffee makers.
• Allowing smoking only in safe areas, or under supervision if necessary.

In the context of fire safety in dwellings, Arvidsson et al. [1] defined the term 
forgiving system as a “System or product that allows an individual to make mistakes 
without being injured or killed by fire”. Technical measures that may be imple-
mented and may target different needs with regard to prevent fires or make the fires 
hard to arise and thereby work as a “forgiving” solution include:

• Stove guards.
• RIP cigarettes and different measures aimed at reducing the fire risk from 

smoking.
• Self-extinguishing candles and candle extinguishers.
• Fire protection of electronic equipment.
• Fire safe furnishing.
• Measures aimed at reducing the risk from open flame.
• Detection and alarms.
• Automatic extinguishing systems.

Although many of these measures could be helpful for all on a general basis, 
individuals who experience an increased vulnerability to fire will, depending on 
their specific challenges, be helped by targeting the preventive measures to their 
specific needs. Targeting and adjusting technical preventive measures to specific 
challenges is just a part of a necessary holistic view of the circumstances that influ-
ence the probability and consequences of fires in dwellings, as is described in [2–4] 
and it includes recognizing the physical, social and organizational surroundings of 
the individual, as illustrated in Fig. 10.1.

The prevention of fatal fires for vulnerable groups of people is an issue that 
requires attention and cooperation from several public sectors as well as coopera-
tion between different fields of science. Having identified the fire safety challenges 
for an individual, it is important to select suitable measures to target these specific 
challenges. Changing attitudes, raising the awareness and teaching fire safety are all 
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Fig. 10.1 Circumstances that influence the risk of fatal dwelling fires [2, 5]

important measures in all of these situations. Fire safety for vulnerable groups is 
further described in Chap. 17.

New products and solutions for fire prevention are continuously being developed 
and made available on the market. Not all technical solutions are clearly defined 
with respect to performance requirements, properly documented or certified. 
However, clear and defined requirements for function and documentation will 
strengthen the availability and the quality of fire preventive technical solutions and 
thereby help improving the fire safety for people in general, and for people who 
experience an increased fire risk in particular.

This chapter is focusing on fire safety in connection to the content of a home, 
especially the furnishing. However, in a holistic view the combination of products 
with good fire properties and other types of fire safety measures is important to 
obtain the desired fire safety level. Such measures can, e.g., be fire detectors, stove 
guards, automatic extinguishing systems and manual extinguishing equipment, 
which are described in other chapters of this anthology. Implementation of organi-
zational measures may also be important.

2  Fire Development and the Role of the Content 
of the Dwelling

The furnishing of homes – or more specifically the amount and types of materials in 
items like sofas, mattresses, carpets and curtains – is of great importance for resi-
dential fire safety. Materials that are easily ignitable, spread fire fast and release 
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large amounts of heat and toxic smoke can lead to a rapid fire development and 
result in too little available time for safe egress (ASET) [6]. This period of time can 
be increased by introduction of barriers that prevent heat development, prevent igni-
tion or mitigate the fire development [7]. Examples of such barriers could be choice 
of materials with good fire properties in furnishing items, and implementation of 
fire safety measures that efficiently can lead to mitigation of the fire.

The following factors related to the room are important for the fire development:

• Size and location of the ignition source.
• Furnishing: type, amounts, location, geometry and surface area.
• Reaction to fire properties of the furnishing.
• Reaction to fire properties of walls, ceiling and floor.
• Ventilation conditions.
• Room geometry.

To be able to design and apply efficient fire safety measures, it is necessary to 
know how, where and why residential fires start, how these fires may develop and 
how fires pose a threat to people in the dwelling.

2.1  Fire Development in a Compartment

A fire can be described by a series of stages: First, a material is ignited by an igni-
tion source; e.g. an open flame, a spark or a smouldering cigarette. The fire then 
develops in the ignited object, and the development may be slow or fast dependent 
on factors like ignition source, material, geometry, ventilation, etc. Some fires start 
as smouldering fires, i.e. as a low temperature combustion with no flames, but with 
considerable smoke production. Smouldering combustion takes place on the inte-
rior surface (e.g. in pores and cavities) of a material. Upholstery foam, combustible 
insulation materials and porous wood products are examples of materials in which 
smouldering combustion may occur [8]. A smouldering fire may transform into a 
flaming fire when the conditions are changed, which can happen when the combus-
tion front reaches the material surface and the access to air is increased.

When a flaming fire is established the development may escalate, the fire can 
spread to other objects in the room. This may lead to flashover, which is when the 
room is completely involved in the fire. Flashover is a very critical point in the fire 
development, as it enables the fire to spread out of the room to other parts of the 
building. The chances to survive in a room after flashover are minimal. After flash-
over, the fire is fully developed and will continue to burn until either all combustible 
materials are consumed, there is too little oxygen to support the combustion, or until 
the fire is extinguished by manual or automatic firefighting equipment. A schematic 
presentation of fire development in a compartment is shown in Fig. 10.2.
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Fig. 10.2 Schematic presentation of fire development in a compartment

2.2  How and Where Residential Fires Start

There are many potential ignition sources in a regular dwelling, but the most com-
mon according to, for example, Norwegian fire statistics are electricity and open 
flame [9]. In this context, open flame includes smoking materials, like matches, 
lighters and cigarettes. Fires starting on the cooking top are, in the case of Norwegian 
statistics, included in the number of fires with electric start. For example, in 2018 as 
much as 55% of all fire brigade call-outs to Norwegian dwelling fires started on the 
cooking top, including incidents where the fire service reported that they avoided 
that a dangerous situation developed into a flaming fire [9]. The number of cooking 
incidents that actually do develop into a fire is considerably lower and was esti-
mated to be just below 8% of all dwelling fires in the period 1998–2007 [10, 11]. 
Cooking fires caused about 10% of the fire fatalities in Norway in this period. 
Smoking is the most common cause of ignition of upholstered furniture, the ignition 
source being either a smouldering cigarette, or a match, or lighter [12, 13].

As concerns the cause and origin of fire, fatal fires do not reflect the average resi-
dential fire. It is, e.g., reported that the bulk of all residential fires start in connection 
with cooking in the kitchen, but that the leading cause of fatal fires is smoking. The 
majority of fatal fires occurring in Norway, Sweden and Denmark start in the living 
room, followed by the bedroom as a common point of origin [9, 14, 15]. In the USA, 
it is most common that fatal fires start in the bedroom, followed by the living room 
[16]. The bed and furniture are usually the first ignited objects in fatal fires, often 
related to ignition caused by cigarette smoking or use of open flames. A Swedish 
study showed that 17% of fires starting in a bed were fatal [15]. Electrical appli-
ances are involved in many fires, both those resulting in fatalities and those without. 
During the 1998–2007 period, stoves stand out in the Norwegian fatal fire statistics 
as the most common appliance when the cause of fire is faulty electrical equipment, 
or incorrect use of such equipment [10, 11].

It is being maintained that a large proportion of residential fires start as smoul-
dering fires [17]. This is, however, hard to document, because the majority of fires 
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develop into flaming fires, which makes it hard or impossible to identify the smoul-
dering afterwards. The majority of fatal fires have grown large when the fire brigade 
arrives and have spread out of the room in which the fire started [15]. However, it is 
a well-known fact that fires may start through smoldering in a number of materials, 
e.g., when upholstered furniture and mattresses are exposed to a smouldering ciga-
rette, or through overheating in electrical installations near combustible insulation 
or wood.

2.3  Role of Furnishing in Fatal Fires

Furnishings, such as upholstered furniture, mattresses and textiles, are very impor-
tant for the fire development in the early stages. Some of these products can be eas-
ily ignited, contribute to rapid spread of fire and produce a lot of smoke and heat 
when they burn. This limits the time available for safe egress, rescue and 
firefighting.

US statistics shows that more people die in residential fires that start in uphol-
stered furniture, mattresses and bedding than in any other items. It is estimated that 
about 1% of the fire services’ responses to home fires in the period 2013–2017 
comprised fires that started in furnishings of these types, while as much as 17% of 
the fire fatalities could be related to these fires [12].

The picture is quite similar in other countries. Fire statistics from England for the 
period April 2019 to March 2020 shows that close to 5% of fires in dwellings started 
in soft furnishings. These fires led to 26% of the fatalities in dwelling fires [18]. 
Fires that started in all kinds of furniture and textiles in interior in the same period 
comprised 22% of all dwelling fires and 37% of related fatalities. Furnishing and 
textiles (clothing not included) were assessed to be the items mainly responsible for 
the fire development in 20% of these fires. These fires resulted in close to 47% of 
the dwelling fire fatalities [19]. This implies that fires involving such furniture items 
are more hazardous for people than other fires.

One of the conclusions from a Swedish study of residential fatal fires in the 
period 1999–2013 was that fires starting in the living room or bedroom more often 
result in fatalities than fires starting in other rooms [15]. Twenty-seven percent of 
fatal fires started in the living room, while 22% in the bedroom. Of the two thirds of 
the fatal fires where the first ignited object was known, 57% fires started in uphol-
stered furniture, bed or other types of furnishing.

In a Norwegian study of fatal fires in the period 2005–2014, 37% of the fires 
started in the living room and nearly 13% in the bedroom. The first ignited material 
was not registered in the Norwegian statistics; however, it is reasonable to believe 
that soft furnishing contributed to a high degree in the start and development in 
many of these fires [20].

It is quite obvious that it is of crucial importance for residential fire safety to 
prevent these fires from starting and to mitigate or delay the fire development if an 
ignition should occur.
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3  Regulation and Documentation of Fire Properties 
of Furnishing

3.1  Regulations

The probably most efficient way to control fire safety in residential buildings is to 
give mandatory requirements in regulations. Other requirements may be of more 
voluntary nature, e.g. directives given by insurance companies, by building owners, 
or by organizations. Different possibilities for regulation of the contents of residen-
tial buildings are shown in Fig. 10.3.

Fire safety of the construction elements and building products in a residential 
building is normally regulated through building codes and will not be discussed here.

Regulation of fire properties of interior textiles, armchairs, sofas and mattresses 
has been discussed nationally and internationally for many years, without resulting 
in more stringent requirements for such products, at least not on a harmonized level. 
All products sold on the European market, including loose furnishings, shall fulfil 
the General Product Safety Directive (GPSD) 2001/95/EC [21]. Although fire safety 
is not explicitly stated in the directive, it must be regarded as an important safety 
property of a product.

Fig. 10.3 Regulations on different levels can affect the fire safety level of the content in a home
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Some European countries have regulations on this area, and there is a spread in 
where the regulations are applied (e.g. public buildings, private homes, hospitals 
etc.) and also in the level of required fire properties. Different ignition sources are 
used in the required tests for soft furnishing and span from a smouldering cigarette 
to a larger flaming source [22].

The European countries UK, Ireland, Germany, France, Portugal, Spain, Italy, 
Norway, Sweden and Finland have introduced fire requirements for loose furnish-
ings. These requirements mainly cover public areas such as hospitals, prisons, 
hotels, theatres, etc. However, for the domestic environment, most countries lack 
fire requirements. In Europe, only UK, Ireland and the Nordic countries have fire 
requirements for private homes [23]. Both Norway and Sweden require that mat-
tresses and upholstered furniture shall resist ignition by a smouldering cigarette.

Outside Europe, USA stands out as a country in the world with stringent require-
ments on loose furnishings, especially on mattresses where federal requirements 
apply in all states, and where a larger flaming ignition source is used in the testing 
for approval. For upholstered furniture, there are no federal requirements and each 
state is free to determine their own requirements. California is the state that places 
the most stringent requirements on upholstered furniture, and the ignition source 
applied in testing is a smouldering cigarette [24]. Ignition resistance against a 
smouldering cigarette is, however, the lowest level of fire requirements. This quali-
fication gives no information about fire behaviour of the furniture item when 
exposed to a flaming ignition source.

The fire safety regulations on upholstered furniture and mattresses in UK were 
imposed in 1988 and are regarded to be rather strict, demanding that the products 
can withstand a relatively large flaming ignition source called crib 5 [25]. Crib 5 is 
a flaming ignition source that gives a heat output approximately corresponding to 
half of that of a folded double-sheet of 22 g newspaper [26].

3.2  Documentation

In Europe, the fire safety properties of furnishing products are regulated by the 
Product Safety Directive. There are no requirements on CE marking of textiles and 
furniture.

For some types of buildings, like prisons, hotels and hospitals, there may be 
specific requirements describing fire properties of, e.g., mattresses and upholstered 
furniture, and do therefore also require that the products they purchase have suffi-
cient fire safety documentation. Such documentation includes normally reports 
from fire testing according to recognized standards. The reports describe which 
standard was used, which ignition source the product was exposed to and the results 
from the test. Such information will also be relevant for private consumers who 
request fire rated furnishing products to increase the residential fire safety.

Fire safety measures do also need documentation. This is relevant for, e.g., extin-
guishing equipment, flame retardant chemicals, smoke alarms, fire detection 
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systems, stove guards, etc. The documentation shall contain information about pos-
sibly applied test methods or standards and obtained test results, any classification, 
applied assessment methods, scope and limitations of the product, instructions for 
application, mounting and use, efficiency, etc. For some products, information in a 
safety data sheet may also be of relevance.

4  Fire Safety of Furnishing Items

4.1  Fire Properties of Interior Textiles

Choosing textiles with good fire properties for furnishing items like curtains, blan-
kets and pillows may be a simple way of improving the residential fire safety. In the 
initial phase of a fire, the fibre type and the textile construction are important factors 
for the fire behaviour of a textile. A denser and heavier woven textile will burn 
slower than a more loosely woven textile of the same material. The surface structure 
is also of importance; a textile with a fluffy surface will ignite more easily than the 
same material with a smooth surface. Factors that may have importance for the fire 
behaviour of textiles are:

• Chemical composition of textile fibres.
• Fibre density.
• Textile structure and surface.
• Thickness.
• Fire retardant treatment.
• Dirt (grease, dust).
• Fire properties of accessories such as ribands and tufts.

These factors may each affect the fire properties in different ways, some will 
have positive effect on fire behaviour, while others have negative. The fire behaviour 
will depend on the end-use application of the textile, e.g. if the textile is used as a 
curtain, carpet, or as cover textile on a sofa. The combination of materials in the 
interior product will also be important for the resulting fire properties, e.g. the com-
bination of textile and upholstery foam in a piece of furniture. Different fire retar-
dant treatments may have effect in different phases of the fire and could, for example, 
either prevent ignition or limit the combustion rate. Some fire retardants will act 
against smouldering ignition, while others are active against a flaming ignition 
source. A fluffy surface will generally be more easily ignitable than a smooth, dense 
surface, and the rate of flame spread in the textile will also be influenced by the 
surface structure.

This means that documentation of fire properties must be relevant for the textile 
product in its final use. If a textile is to be used as a curtain, the documentation must 
assess the fire properties in a configuration that is relevant for curtains, for example, 
by use of a recognized fire test method for free hanging textiles. If the textile is 

10 Prevention of Ignition and Limitation of Fire Development in Furnishing and…



168

Table 10.1 Fire behaviour of different furnishing textiles [27–30]

Fibre type Fire behaviour

Natural fibres Cotton, linen 
(cellulosic 
fibres)

Easily ignitable. A char layer is formed during combustion. 
May initiate and support smouldering combustion.

Wool, silk 
(protein fibres)

Less ignitable than cellulosic fibres. Contain nitrogen and can 
produce hydrogen cyanide during combustion.

Regenerated 
fibres

Viscose Easily ignitable, burns quickly.
Acetate, 
triacetate

Easily ignitable, burns quickly, melts and drips.

Synthetic 
fibres

Polyester Shrinks away from the ignition source, melts and drips after 
ignition. Upward flame spread is often slow. Melted material 
increases horizontal and downwards flame spread.

Polyamide 
(nylon)

As polyester, but contains nitrogen and can produce 
hydrogen cyanide during combustion.

Acrylic fibre Easily ignitable. High heat release during combustion, 
charring material. Contains nitrogen and can produce 
hydrogen cyanide during combustion.

Modacrylic fibre Less ignitable than acrylic fibre. Melts and withdraws from 
the flame. Regarded as flame-resistant fibre.

Polyvinyl 
chloride (PVC)

Difficult to ignite. Melts and withdraws from the flame. 
Regarded as flame-resistant fibre. Contains chlorine and 
produces hydrochloric acid during combustion.

Inorganic 
fibres

Glass fibre Non-combustible. Limited range of application since the fibre 
normally is brittle.

applied in upholstered furniture, the documentation must be based on a fire test 
method for this type of product, taking into account the other materials in that prod-
uct with which a potential fire would interact.

Fire properties of some common furnishing textiles are listed in Table 10.1. All 
materials produce toxic smoke gases during combustion, and the type and concen-
tration of gases and the amount of smoke will be of importance. A textile that is 
difficult to ignite and that burns slowly, giving off small amounts of smoke with a 
high degree of toxicity, may therefore be a better option than a textile that burns 
quickly with a high heat release and a fast flame spread.

4.2  Flame Retardants

Flame retardants are chemicals that are added to materials and products to reduce 
the risk of ignition and may further prevent or delay the fire development. Some 
flame retardants may provide a protective physical barrier between the flame and 
combustible material, by, e.g., formation of a char layer when exposed to heat. 
Other flame retardants may slow down or inhibit the combustion process by limiting 
the available oxygen for the combustion or by interacting with the chemical com-
bustion reactions.
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In recent years, there has been increasing awareness about the fact that some 
flame retardants affect health and the environment negatively, and this has caused 
concern about the consequences of fire safety regulations for interior products. It is 
feared that strict requirements to obtain a certain level of fire safety implicitly mean 
that harmful flame retardant chemicals need to be applied to the products in ques-
tion to be able to pass the tests. Some flame retardants are no longer allowed to be 
used in many countries, e.g. brominated fire retardants. It is important to be aware 
of harmful effects and avoid use of unwanted products. However, there is also a 
request for fire retardant additives and chemicals that are environmentally friendly 
and that pose no health risk.

Most flame retardant textiles can be washed or cleaned as untreated textiles. The 
instructions for cleaning or washing must then be followed. The flame retardant 
effect can be reduced over time, through washing and wear-and-tear. There are also 
alternatives where the flame retardancy is built into the fibre matrix (e.g. the 
polyester- based Trevira CS) which make them inherently flame retardant.

Some flame retardants are added to the final material or product through impreg-
nation or surface treatment. There are also products on the market intended to spray 
onto the object to increase the ignition resistance. It is important to follow the 
instruction manual thoroughly when such products are used and to assess if the 
intended application area is within the scope of the flame retardant chemical. This 
type of products can often not document a certain fire classification, but may 
improve the fire safety of highly combustible furnishing objects, textiles and deco-
rations. The user instructions must be based on facts and relevant tests, and the 
manufacturers must be able to provide documentation of the efficiency of their 
products. It may, however, be difficult for non-fire-experts to assess the quality of 
the product if the fire documentation is not provided by a recognized organization 
(e.g. fire laboratory, research institution, university, certification body, etc.).

It should, however, be noted that fire retardant chemicals often are targeted 
against one type of achievement, most commonly to prevent or delay ignition. A 
flame retardant preventing ignition by a match flame may have little or no effect in 
decreasing the fire development with respect to flame spread and heat release when 
the object has been ignited. A flame retardant effective against flaming ignition may 
show no effect against smouldering ignition. Research projects indicate that there 
are no correlation between the ability to ignite by a smouldering cigarette and by a 
flaming source, and also that resistance to these small ignition sources does not 
reflect the fire growth properties of a furniture item [31, 32].

4.3  Upholstered Furniture and Mattresses

As mentioned in Sect. 2.2, one of the most common ignition sources in combination 
with upholstered furniture is a smouldering cigarette. However, other ignition 
sources are also possible, as a lit candle or a lamp that falls over in a sofa, sparks 
from a fireplace, radiant heat from an electric oven, etc.

10 Prevention of Ignition and Limitation of Fire Development in Furnishing and…



170

It is a well-known fact that upholstered furniture and mattresses may ignite eas-
ily and burn rapidly with a very high heat release and a large production of toxic 
smoke [23, 32, 35, 36]. These fires lead to a larger percentage of fire fatalities than 
their percentage of fire causes would imply [12]. Fire in a single upholstered arm-
chair may easily release enough heat energy to lead to a rapid flashover in an ordi-
nary living room. Fire development in armchair is illustrated in Fig. 10.4.

Upholstered furniture is common as the first object ignited in residential fires, but 
does also have an important role as the object responsible for further fire develop-
ment [19, 32, 37]. The largest part of the fire load is normally contained in the filling 
material and therefore it is important to prevent that a fire spreads from the cover 
fabric to the filling material. One way of improving the fire properties of soft fur-
nishing is to add chemical flame retardants to the cover fabric or to the filling mate-
rial or both. This could both improve the ignitability of the products and slow down 
the fire development. However, as described in Sect. 10.5.2, there is a large concern 
about flame retardants today, as many of these products may lead to harmful health 
and environmental effects.

However, to avoid any fire performance requirements as a means to reduce the 
use of flame retardants is not a good idea. As a minimum, there should be a small 
flame ignition resistance requirement, to ensure that furniture is not easily ignitable. 
Although there may still be a conflict between fire performance and the use of 
chemical flame retardants, it is better to have low fire safety requirements, than no 
requirements at all. In that way, a focus is maintained upon reaching a certain fire 
performance level. Fire performance requirements on individual furniture compo-
nents (e.g. foam, cover) should be avoided since this may force unnecessary use of 
chemical flame retardants.

Considerable research has been performed to solve the fire safety problem con-
nected to soft furnishing products over the years, and lately, the development of 
sustainable and environmentally friendly fire safe upholstered furniture has been 

Fig. 10.4 Comparison of fire development in upholstered armchairs with identical design. The 
chair in the upper photos satisfies the UK fire safety requirements (resist exposure to ignition 
source crib 5). The chair in the lower photos satisfies the Norwegian requirements (resist ignition 
by a smouldering cigarette). (Photos: Thor Kr. Adolfsen, Norwegian Fire Protection Association)
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brought into focus [15, 26]. Research shows that it could be possible to increase the 
fire safety level of such products considerably through smart combinations of mate-
rials and clever design [23, 35, 39–41]. A correct use of materials will constitute an 
adequate barrier against ignition in many cases, also without using flame retardant 
chemicals. There is promising work showing that introducing a textile as a barrier 
material between the upholstery foam and the cover material is efficient in reducing 
the fire hazard from burning upholstered furniture [31, 32, 38, 39] and that the inter-
action between the barrier and cover material is important for the fire growth [36].

For mattresses, the requirements might be different, since a weak ignition protec-
tion in a mattress will not be adequate if the duvet and pillow are ignited first, which 
represents a large start fire.

One of the challenges with fire safety of upholstered furniture and mattresses is 
that such products may have a long lifetime in a home and it is often not an option, 
or not even wanted, to replace them with new products with the required fire proper-
ties. It is therefore a need for simple, efficient safety measures that can be applied 
on existing furniture, with the aim of protecting the highly combustible filling mate-
rial from heat and flame. There exist spray-on flame retardant chemicals on the 
market that could be a solution in that it prevents the cover material from ignition 
and further flame spread. Another solution with this effect is to cover the furniture 
or even replace the cover material with fabrics of better fire protective properties 
(e.g. a dense wool fabric). If the furniture has a detachable cover fabric, a fire barrier 
material could be introduced between the cover and the foam.

4.4  Curtains and Draperies

Curtains are manufactured in many different types of fibres, both natural, regener-
ated and synthetic. The fire load (i.e. the energy content) of a curtain is normally not 
very large (depending on the size of the curtain) compared to other elements of the 
furnishing. However, fires often start in curtains and may spread rapidly in the mate-
rial itself or when the burning curtain falls down and ignites another object, like an 
upholstered sofa.

Larger draperies and door curtains may, however, release large amounts of heat 
in a fire and may lead to flashover in a smaller room [33].

4.5  Bedding Items

Duvets and pillows are composite products consisting of a cover material and a fill-
ing material. The cover material is normally a textile of cotton, polyester, a mixture 
of these fibres, or can be made of other types of fibres. Common filling materials are 
down, mixtures of feathers and down, and polyester fibres [27, 28].
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Duvets and pillows will normally resist ignition from a smouldering cigarette in 
a standardized test, but often not ignition from a match flame.

The bedding items in use are covered with quilt covers and pillow cases, often 
made of cotton, linen, polyester or blends.

The combination of the cover materials and the filling materials is determining 
for how a fire may develop in the bedding items. A fire that starts in a duvet can 
become a large ignition source that would expose the mattress and other combusti-
ble objects in the vicinity. Some mattresses on the market are tested for resistance to 
larger fire sources and will probably resist ignition from a burning duvet. 
Documentation of fire properties shall then be available for these mattresses.

There are bedding items on the market that contain flame retardant chemicals or 
fibres. These products may be good alternatives when fire start in the bed is regarded 
as a risk. Flame retardant products are described briefly in Sect. 10.3.2.

4.6  Carpets

A fire may start in a carpet or it may spread to the carpet from other burning objects, 
like curtains, upholstered furniture or a mattress. The fire spread in the flooring 
material will normally be of importance at some stage after the initial phase in the 
fire. There may be exceptions, for example, if the initial fire exposure is larger than 
the type of ignition source the flooring is intended to resist, the flooring may con-
tribute considerably to the fire development [34]. As for textiles in general, the igni-
tion and fire spread ability of the carpet will depend on factors like fibre type, 
density, surface structure (fluffy or smooth), backing material, adhesives, etc. A 
dense wool carpet with short pile is an example of a carpet that would be expected 
to have relatively good fire properties. A fluffy carpet made of easily ignitable tex-
tile fibres will probably show a poor fire behaviour.

5  Other Methods for Prevention of Ignition in Dwellings

5.1  Reduced Ignition Propensity Cigarettes (RIP)

As already mentioned, a smouldering cigarette is the most common ignition source 
for ignition of upholstered furniture and mattresses. Seventeen percent of all fatal 
fires with known fire cause in Norway in the periods 1997–2008 and 2005–2014 
were due to smoking [20, 42]. Likewise, smoking material is identified as the lead-
ing cause of fatal fires in many countries worldwide [12, 14, 15, 43, 44]. In November 
2011, a regulation on self-extinguishing cigarettes was introduced in the EU and 
EC. Such cigarettes are designed so that they do not burn in all their length but 
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self-extinguish if they are left unattended. The purpose of the requirement was to 
reduce the number of fires caused by cigarettes [45].

However, it is unclear whether the regulatory requirements for self-extinguishing 
cigarettes have had the desired effect on fire statistics. US Consumer Product Safety 
Commission reported in 2012 that it was premature to conclude that use of the RIP 
cigarette alone will greatly reduce the threat of unintentional fires ignited by ciga-
rettes involving mattresses or soft furnishings [46]. A Swedish study performed 
3 years after the introduction of the requirement for self-extinguishing cigarettes on 
the market was not been able to demonstrate any effect either on the fire statistics or 
on the fatal fire statistics [47]. Furthermore, small-scale tests were performed on 
models of upholstered furniture, where it was observed that the cigarettes mainly 
smouldered in their full length without extinguishing. The solution with introducing 
RIP cigarettes must therefore be viewed with caution, as it cannot be said to be an 
efficient or reliable fire safety measure on its own.

5.2  Smoking Apron and Smoking Blanket

Smoking aprons and smoking blankets are made of fire-resistant textile and are used 
for covering the clothing of persons when they are smoking tobacco. These mea-
sures are mostly used when the smokers themselves are not able to deal with situa-
tions where embers fall from the cigarette and where they need help to be able to 
smoke. As it has not been demonstrated that the requirement for self-extinguishing 
cigarettes works as expected, one should not solely rely on these types of cigarettes, 
but rather use a smoking apron or smoking blanket where this type of measure is 
practical [5].

5.3  Protection of Electric Components

Electrical components can pose an increased risk of ignition due to negligent use or 
because of faulty devices, either through their heat generating function or loose cur-
rents leading to over-heating, e.g. in sockets. Electric ovens, dishwashers, washing 
machines and dryers are examples of electrical equipment that can generate heat 
and cause ignition. This type of ignition can be prevented by component protection 
that causes the power to such equipment to be turned off when a dangerous situation 
is detected. Protection can be achieved by integrating an electronic switch between 
the frame and the outlet or integrated as part of the fixed electrical installation. This 
protection technology is being used in electrical equipment in homes. On one hand, 
it is intended to control and monitor the parameters of electrical devices, household 
appliances, heating and lighting. On the other hand, it is used to disconnect the 
power supply when a dangerous situation is detected [5].
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There are also possibilities of installing specific extinguishing systems that are 
integrated into the electrical installation (e.g. socket) or electronic device. The inte-
gration of component protection in electrical appliances can also relate to smoke 
and heat detectors and other sensors such as people presence. The integration allows 
the adjusting of the logic of the control unit. If, for example, these sensors detect 
smoke in a laundry room, the power can be disconnected from all appliances in that 
area [5].

In addition, these control systems can communicate via the internet and send an 
alarm signal to an external monitoring service. A challenge for component protec-
tion is the time required for disconnection of devices when overheating is detected. 
A fire may start before the network connection is cut off and fire spread may not be 
able to be prevented.

6  Concluding Remarks

This chapter is dealing with different ways to prevent fire from starting in dwellings 
and methods that will prevent a small fire from developing into a large and uncon-
trollable fire. The chapter’s main focus is on fire properties of materials in the 
furnishing.

However, a key word is holistic thinking in order to obtain an optimal fire safety 
solution. The fire safety measures mentioned here should be used in combination 
with active measures for detection and mitigation, and there should also be organi-
zational measures that ensure that the right measures are implemented for the per-
son in question, and that the fire safety is maintained and revised regularly.
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Chapter 11
Active Fire Protection Systems 
for Residential Applications

Magnus Arvidson

Abstract Residential sprinkler systems and associated design and installation stan-
dards were developed in the USA during the 1970s and 1980s. In contrast to tradi-
tional automatic sprinkler systems, the objective is to provide improved protection 
against injury and life loss rather than property protection. Field experience from 
USA indicate that the death rate is in the order of 90% lower where sprinklers and 
hardwired smoke alarms are present. Water mist fire protection systems can provide 
similar protection to residential sprinklers, using lower discharge densities. There 
are recognized fire test procedures as well as design and installation standards, but 
the market share is currently relatively low. Fixed-installed or mobile pre- engineered 
fire protection systems may also result in reduced water flow rates, as they are typi-
cally activated by a smoke and heat, or flame detector, which result in earlier activa-
tion. The systems are intended to be used as an alternative, or complement, to 
residential sprinklers for a particular part or parts of a dwelling. Many fires start in 
the kitchen in connection with cooking on the stove. A stove guard is a technical 
device that monitors the stove. When there is a risk of fire, it alarms and disconnects 
the power supply to the stove.

Keywords Residential sprinkler systems · Water mist systems · Stove guards · 
Residential fires · Kitchen fires

1  Introduction

Automatic fire protection systems require, per definition, no human intervention to 
operate and the most common type of system in residential area applications is 
probably residential sprinkler systems. Automatic sprinklers are located at ceiling 
level and are connected to a water source, most commonly the public water main. 
The sprinklers operate by the heat from the fire to prevent flashover (total involve-
ment) in the room of fire origin and thereby give residents the time to safely escape 
and the fire department time to respond. Water mist fire protection systems can 
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provide similar protection to residential sprinklers, using lower discharge densities. 
Approved automatic nozzles are available in the marketplace.

Fixed-installed or mobile pre-engineered systems may also result in reduced 
water flow rates when compared to a traditional residential sprinkler or even a tra-
ditional water mist system, making them suitable where the water supply or storage 
is limited. Typical applications include care homes and permanent or temporary 
accommodation for elderly, social housing, or simply private dwellings with exten-
sions. The systems are typically activated by a smoke and heat, or flame detector, 
which result in earlier activation compared to residential sprinklers.

Many fires start in the kitchen in connection with cooking on the stove. A stove 
guard is a technical device that monitors the stove. When there is a risk of fire, it 
alarms and/or disconnects the power supply to the stove. The device can have detec-
tors that respond to smoke, heat, movement, or a combination of these. The detector 
unit may be integrated in the cooker or it can be installed afterwards under the hood 
or on the wall behind the stove.

This chapter describes these technologies, installation requirements, test proce-
dures as well as any field experience and studies.

2  Residential Sprinkler Systems

This section describes the background and development of residential sprinklers, 
how systems are designed and installed, the adoption and use, and field experience 
and summarizes some of the studies that have been conducted.

2.1  The Background and Development 
of Residential Sprinklers

Automatic sprinkler systems as known today have been used since the late 1800s. 
The systems were primarily developed for property protection of industrial and 
commercial properties. In 1973, the National Commission on Fire Prevention and 
Control issued the report America Burning [1]. The report evaluates the fire loss in 
the USA and provides recommendations to reduce loss and increase safety of citi-
zens and fire service personnel. Among 90 recommendations were a proposal that 
the US Fire Administration (USFA) should support the development of the neces-
sary technology for improved automatic extinguishing systems for dwellings.

At the same time that the America Burning report was issued, the National Fire 
Protection Association (NFPA) initiated the development of NFPA 13D, which 
when released in its first edition in 1975 had the title “Installation of Sprinkler 
Systems in One- and Two-family Dwellings and Manufactured Homes.” In contrast 
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to the NFPA 13 standard on traditional automatic sprinkler systems, the objective 
was life safety rather than property protection [2].

Between 1975 and 1980, several research projects and field tests were conducted 
[3, 4]. A crucial question during the development work was that the sprinkler system 
needed to be affordable and that it could function with the existing water supply of 
a building [5]. Based on the outcome from the testing and development work, NFPA 
13D was rewritten and published in its second edition in 1980. It was not until 1981 
that the first commercial residential sprinklers were approved [6]. A residential 
sprinkler is characterized by early activation and a high, flat, and wide water distri-
bution pattern. The sprinkler must be able to distribute water over sofas, drapes, 
curtains, and the like in the outer edges of a room and prevent the spread of fire 
along walls and ceilings.

NFPA 13D had a major impact and began also to be applied in apartment build-
ings and NFPA realized that the time was ready for a new, national standard for resi-
dential sprinklers in apartment buildings and other types of housing. The result was 
NFPA 13R (R stands for Residential) published in 1989 where the sprinkler concept 
was expanded to include residential buildings up to and including four stories in 
height. The concept also included hotels, motels, and certain types of care homes.

2.2  Installation Requirements in NFPA 13D and 13R

The overall performance objective of NFPA 13D [7], “Standard for Installation of 
Sprinkler Systems in One- and Two-Family Dwellings and Manufactured Homes,” 
is to provide improved protection against injury and life loss. A sprinkler system 
shall be designed and installed to the standard to prevent flashover (total involve-
ment) in the room of fire origin and thereby give residents the time to safely escape 
and the fire department time to respond. Sprinklers are only required to be installed 
in living areas. Sprinklers in smaller bathrooms or closets, pantries, garages, or 
carports, attached open structures, attics, and other concealed non-living spaces are 
not required. The sprinkler system shall be hydraulically designed to provide at 
least the water flow for a minimum discharge density of 2.05 mm/min or the sprin-
kler listing, whichever is greater, to all the sprinklers within a compartment, up to a 
maximum of two sprinklers.

Where stored water is used as the sole supply of water, the standard requires that 
the quantity should correspond to at least 10 min of discharge. For a single-storey 
building that is less than 185 m2 in area, the quantity of water can be reduced to 
equal a 7 min discharge.

Two common types of fire sprinkler layouts are acceptable under NFPA 13D, a 
regular stand-alone and a multipurpose system. A stand-alone sprinkler system 
serves only the fire sprinklers. A multipurpose system combines the domestic cold- 
water system with the residential sprinkler system. This solution could provide 
increased reliability as any impairment to the water supply would be more rapidly 
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recognized. If correctly designed, it may also eliminate the need for any back flow 
prevention device as water is not stagnant in the piping.

NFPA 13R [8], “Standard for the Installation of Sprinkler Systems in Low-Rise 
Residential Occupancies,” covers the design and installation of automatic sprinkler 
systems in residential occupancies up to and including four stories in height in 
buildings not exceeding 18 m. The intent of the standard is to provide a sprinkler 
system for improved protection against injury, life loss, and property damage in 
multi-family dwellings.

Sprinklers should be installed throughout a building, but are permitted to be 
omitted in smaller bathrooms or clothes closets, linen closets, and pantries within 
dwelling units. In addition, sprinklers are not required for many exterior attached 
open structures such as stairs, carports and certain balconies, or in attics, elevator 
machine rooms, and similar spaces that are not intended for living purposes or stor-
age. The sprinkler system shall be hydraulically designed to provide at least the 
water flow for a minimum discharge density of 2.05 mm/min or the sprinkler listing, 
whichever is greater, to all the sprinklers within a compartment, up to a maximum 
of four sprinklers. The water supply shall be capable of supplying the system 
demand for at least 30 min.

Where buildings are greater than four stories in height, the residential parts of 
such buildings should be protected with residential or quick-response sprinklers in 
accordance with NFPA 13. There were four main reasons why four stories were 
chosen as the limit [9]:

 1. The concept was intended for multi-dwelling houses with a wooden frame, the 
use of which is limited to a maximum of four floors in most building 
regulations.

 2. The rescue service’s efforts in the event of fire are an important part of the con-
cept and in lower buildings they use extendable ladders and need not to rely on 
machine ladders.

 3. In higher buildings, more people are at risk of being exposed to a fire and it was 
judged that buildings over four floors require a sprinkler concept with the higher 
reliability associated with the recommendations in NFPA 13.

 4. Buildings with more than four floors normally require riser pipes or indoor fire 
hydrants with a water requirement sufficient to supply a sprinkler system in 
accordance with NFPA 13.

2.3  Residential Sprinkler Requirements in the USA

Currently (2020), all US model building codes contain requirements for fire sprin-
klers to be installed in all new, one- and two-family homes and all multifamily resi-
dences [10]. The International Residential Code (IRC) is a model code used as a 
basis for the locally adopted regulations for the construction of single-family homes 
in almost all jurisdictions. As a model code, the IRC requires sprinklers to be 
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installed in all new homes. However, each state or local jurisdiction can reject spe-
cific parts of the model code for their particular jurisdiction during their adoption 
process, and most reject the sprinkler requirement. The only states or regions that 
currently require sprinklers in new, one- and two-family homes are California, 
Maryland, and the District of Columbia [10].

Home and building industry groups have actively organized efforts to prevent 
sprinkler mandates in at least 25 states. Several other states have agreed to let local 
jurisdictions decide whether to adopt the sprinkler requirement, and many have. For 
example, in Illinois, more than 100 communities have adopted requirements for 
sprinklers [10].

Several organizations advocate sprinkler protection for all new homes and pro-
vide information about residential sprinkler systems for the public, like the Home 
Fire Sprinkler Coalition, the National Fire Protection Association, and the 
International Residential Code Fire Sprinkler Coalition.

2.4  Adoption and Use of Residential Sprinklers 
Outside of USA

Residential sprinklers gradually started to be used outside of USA in the late 1990s. 
The adoption and use in some European countries are discussed below.

The Swedish Fire Protection Association published design and installation rec-
ommendations for residential sprinkler systems in 1997 [11]. These recommenda-
tions were to a large extent based on NFPA 13D and 13R. The awareness and use of 
residential sprinklers were enhanced in Sweden during the beginning of 2000s as a 
result of the national research project, “Residential sprinklers save lives”. The proj-
ect resulted in several sprinkler model installations, a handbook [12], revised design 
and installation recommendations [13], and a video illustrating the performance of 
a residential sprinkler [14]. Figure 11.1 shows two photos from the video. In 2009, 
a Nordic standard, INSTA 900-1 [15], was published that was implemented in 
Sweden and Norway as a national standard. The second part of the standard, INSTA 
900-2 [16], covers fire test procedures for residential sprinklers and was adopted 
from UL 1626 [17]. The third part, INSTA 900-3 [18], contains fire test procedures 
for water mist fire protection nozzles. In 2019, almost 40,000 residential sprinklers 
were installed in Sweden, which corresponded to about 5% of all installed sprin-
klers [19].

Since July 2010, the Norwegian building code has required sprinklers in almost 
all new buildings, with the exception of single-family houses and some small build-
ings in which people do not sleep. This opened a market for residential sprinklers 
installed per INSTA 900-1. In 2019, approximately 190,000 residential sprinklers 
were installed in Norway, which corresponded to almost 24% of all installed sprin-
klers. The water mist market totalled 29,213 nozzles and 73% of them were residen-
tial nozzles [20].
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Fig. 11.1 The performance of a residential sprinkler (left) with limited fire damage as compared 
to the fire damage caused by flashover (right). (Photos from the video “Residential sprinkler saves 
lives” from 2001 [14])

In the United Kingdom, British Standard BS 9251:2014 [21] gives recommenda-
tions for the design, installation, maintenance, and testing of fire sprinkler systems 
in domestic and residential occupancies. This British Standard superseded BS 
9251:2005. A series of regulatory changes have led to dramatic growth in the mar-
ket. First, the Rose Park care home fire in Glasgow in 2004, which killed 14 elderly 
residents, led Scotland a year later to mandate the installation of sprinklers in all 
new care homes and in apartment buildings higher than 18 m. In 2007, England and 
Wales introduced requirements to fit sprinklers in new built apartment buildings 
higher than 30 m, along with a number of incentives to fit sprinklers in new three- 
storey and four-storey houses (a four-storey house needs sprinklers or a second 
staircase). The publication in 2011 of BS 9991 [22], a code of practice for fire safety 
in residential buildings, introduced further incentives for sprinklers in apartments in 
the UK. In 2016, Wales became the first country to require sprinklers in all new 
housing. The Grenfell Tower disaster in London in 2017 killed 72 residents and led 
many local government authorities voluntarily to fit sprinklers in existing high-rise 
social housing. As part of its response to this disaster, late in 2020 the government 
introduced a requirement to fit sprinklers in new built apartment buildings in 
England higher than 11 m [23]. Meanwhile, the Scottish government announced 
that in 2021 it would introduce requirements to fit sprinklers in all new built flats 
and shared multi-occupied residential buildings [24]. The British residential sprin-
kler market in 2020 is estimated to be over 500,000 sprinklers and expected to grow 
further with the new requirements.

Elsewhere in Europe, there are regulatory requirements to fit sprinklers in large 
care homes in Denmark and in most new care homes in Finland. In Finland, the 
requirements were retrospective and led to over half of all existing care homes being 
retrofitted with sprinklers. While their markets are still small, some care homes have 
been protected with residential sprinklers in Belgium, France, Germany, and The 
Netherlands. In 2020, an increasing number of projects, including for apartment 
buildings, were reported to be specifying sprinklers in France and The Netherlands. 
Looking ahead, the French government is encouraging the use of wood in 

M. Arvidson



183

residential buildings and this is expected to lead to greater use of residential sprin-
klers in France.

In 2018, a European standard on the design, installation, and maintenance of 
residential sprinkler systems, EN 16925:2018 [25], was published. The standard 
includes three system types, 1, 2, and 3, dependent on the application. System type 
1 is intended to be used in one- or two-family dwellings and requires the lowest 
discharge densities and fewest number of sprinklers in the design. System type 3, 
intended for apartment buildings, care homes as well as small hotels and hostels, 
requires more stringent design criteria. Some countries may have a national infor-
mative annex with guidance on the minimum design discharge density and on the 
number of design sprinklers for each system type. In 2020, a European standard for 
testing of residential sprinklers, EN 12259-14:2020, was published [26]. The fire 
tests of this standard are identical with those of UL 1626 [17].

2.5  Residential Sprinkler Field Experience

Several communities in USA have documented field experience with residential 
sprinklers. Given below are two examples.

In 1992, Prince George’s County in Maryland introduced a regulation requiring 
the installation of residential sprinklers in all new single- and multi-family homes 
[27]. Since 1992, more than 45,285 building permits have been granted for single- 
and multi-dwelling houses. For 15 years, from 1992 to 2007, a total of 13,494 fires 
occurred in single-family houses or townhouses. At 245 of these fires, residential 
sprinklers were installed. No person perished in the fires and only six cases of per-
sonal injury have been reported. In the 13,249 fires that occurred in homes without 
sprinklers, a total of 101 people lost their lives and 328 were injured. Home fires 
accounted for a total of 89% of all Prince George’s County fire fatalities during this 
time. The average direct fire damage cost for a fire in a single-family house or town-
house without sprinklers was $9983, compared to $4883 if sprinklers were installed. 
The fire damage cost was thus about half as high. The average direct fire damage 
cost for a fire (without sprinklers) that resulted in fatalities was $49,503, i.e. just 
over 10 times higher than if sprinklers were installed.

Scottsdale, Arizona, is a suburb of Phoenix with approximately 258,000 resi-
dents (2019). The city has long experience of sprinkler systems [28–30]. In January 
1986, sprinkler requirements were introduced in all types of new buildings, includ-
ing single-family dwellings. Ten years later, on January 1, 1996, sprinklers were 
installed in 19,649, or 35% of all single-family homes and in 13,938, or 49% of all 
multi-family homes in Scottsdale. A further 5 years later, on January 1, 2001, the 
number of single-family dwellings with sprinklers had increased to 39,258 (51%) 
and the number of multi-dwelling houses with sprinklers to 19,422 (57%), i.e. 
almost 60,000 dwellings. In a total of 97 fires, it is estimated that 13 lives were 
saved by residential sprinklers. The statistics also show a significant reduction in the 
average fire damage cost with residential sprinklers.
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2.6  Residential Sprinkler Studies

Ahrens [31] has analyzed data from the National Fire Incident Reporting System 
(NFIRS) in the USA regarding sprinkler reliability and efficiency. The analysis is 
based on data from the years 2010 to 2014. Some form of sprinkler was installed at 
49,840 of all fires in buildings that were reported. This represented an average of 
10% of all reported fires. Sprinklers were mostly found in institutional buildings 
such as nursing homes, hospitals, and prisons. Most fires and deaths occurred in 
residential buildings, but sprinklers were found in only 8% of the residential fires. 
Sprinklers operated and controlled the fire in 91% of the residential fires where the 
fire was large enough to activate the sprinklers. Only one sprinkler operated in 88% 
of these fires and in 98% of the fires, five or fewer sprinklers operated. Compared to 
reported residential fires with no smoke alarms or any sprinklers, the death rate per 
1000 reported fires was 88% lower where hardwired smoke alarms and any auto-
matic extinguishing systems (AES) were present and 90% lower where sprinklers 
and hardwired smoke alarms were present. When sprinklers were present, the aver-
age loss per fire was less than half the average compared to properties with no 
AES. In three out of five (62%) of fires in which sprinklers failed to operate, the 
system was shut off.

Optimal Economics Ltd. [32] provides a detailed analysis of data on fires in 
premises in the UK, during the years 2011 to 2016, where sprinkler systems were 
installed. The analysis included 2294 incidents of which 1725 (75%) were in non- 
residential buildings and 414 (18%) in dwellings. In total, sprinkler systems oper-
ated in 945 of the 2294 incidents. Of these, 276 (29.2%) of the cases were in 
dwellings and 42 (4.4%) in other types of residential buildings. Sprinklers in dwell-
ings controlled or extinguished the fire in 99.5% of the cases and in all the other 
residential building fires. However, the latter performance effectiveness figure was, 
as mentioned, based on few incidents. Fires in dwellings where the sprinkler system 
operated had an average area of fire damage of under 4 m2, as compared to approxi-
mately 18 m2–21 m2 for all dwelling fires in England during a similar period of time.

Gritzo et al. [33] have analyzed the contribution of fire on the total lifecycle car-
bon emissions of one- and two-family dwellings and the reduction to that contribu-
tion achieved with residential sprinkler systems. It is concluded that the contribution 
of fire to the total lifecycle carbon emissions of homes without sprinklers is between 
0.4% and 3.7%. The contribution of fire risk to the total lifecycle carbon emissions 
of a home is reduced to 0.2% when sprinklers are used, as all large fires are elimi-
nated. In support of this analysis, fire tests [34] were conducted to measure the 
reduction in the environmental impact by residential sprinklers.

Hall et al. [35] have analyzed the reduction of the cost of personal injury in fires 
with residential sprinklers. The hypothesis was that a fire that is reduced by residen-
tial sprinklers not only reduces the frequency of injuries, but also the severity of the 
personal injuries when they occurred. A calculation model was used to investigate 
the impact on the number of personal injuries and the cost of personal injury per 100 
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residential fires. Cost data were available for (a) medical costs, (b) legal and liability 
costs, which are usually relatively low, (c) costs associated with lost work time, and 
(d) pain and suffering costs. The latter tended to dominate the total cost. Sprinkler 
effect was estimated for total injury costs and for medical costs alone. Four types of 
injuries were studies; burns only, smoke inhalation only, both burns and smoke 
inhalation, and other injury. The main results of the study show that residential 
sprinklers reduce the number of injuries in the event of a residential fire by 29%, 
medical costs by 53%, and total costs of injuries by 41%.

Butry [36] has conducted a benefit-cost analysis to measure the expected present 
value net benefits (PVNB) of a residential fire sprinkler system in a newly con-
structed, single-family house. Three typical single-family house types were investi-
gated. The sprinkler designs vary by installation cost and require annual maintenance, 
but all were designed to meet the NFPA 13D standard. The estimated benefits of fire 
sprinklers include reductions in the following: the risk of civilian fatalities and inju-
ries, homeowner insurance premiums, uninsured direct property losses, and unin-
sured indirect costs. The results show that residential sprinkler systems not requiring 
expensive annual maintenance are economical.

BRE Global has undertaken a cost benefit analysis of residential sprinklers 
installed in the UK [37]. The study shows that residential sprinklers are cost- 
effective in all residential care homes for elderly people, children, and disabled 
people (including care homes with single bedrooms). Residential sprinklers are also 
cost-effective in most blocks of purpose built flats, larger blocks of converted flats, 
and traditional bedsit type HMOs where there are at least six bedsit units per build-
ing. Note: A house in multiple occupation (HMO) is a British English term which 
refers to residential properties where ‘common areas’ exist and are shared by more 
than one household.

3  Water Mist Fire Protection Systems

Water mist fire protection systems typically use less water than sprinkler systems 
but higher operating pressures. The fire protection performance of such systems for 
residential area applications has been investigated in several research projects.

In the mid-1990s, the US Fire Administration (USFA) funded two projects to 
explore the possibilities of using water mist systems as an alternative to residential 
sprinklers. Primarily, it was the opportunity to reduce the water demand that was the 
most interesting to investigate as there are many areas in the USA where the avail-
ability of water reduces the possibilities of using residential sprinklers. The first 
study [38] investigated the possibilities of using water mist for the type of fire sce-
narios that are relevant in residential areas. The tested systems included a low- 
pressure system, three different high-pressure, and a “dual-fluid” system. The latter 
system generated mist by air impingement as opposed to small orifices. Only two of 
the systems tested showed reasonably good results. For these systems, it was 
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possible to draft preliminary installation instructions. The installation cost for these 
two systems was estimated and concluded higher than that for residential sprinklers, 
mainly due to the higher material cost. Based on the first study, USFA went on to a 
second study [39, 40]. The intention was, among other things, to further study the 
use of water mist in a residential environment, to develop a test method, and to make 
a recommendation for installation standards. Since the first study showed that the 
cost of high-pressure systems was too high, low-pressure systems were studied. 
These systems are likely to use plastic pipes and do not require additional piping for 
air or other media for the atomization of water. Additional fire tests were conducted 
using two commercial and two prototype nozzles. The operating pressures were 
between 7.7 and 11 bar. It was concluded that the level of performance was compa-
rable to that of residential sprinklers, using lower total water flow demand. However, 
the higher operating pressure means that the systems cannot be connected directly 
to the public water supply and a pressure pump is required. Therefore, a lower reli-
ability due to the increased number of components is expected. A calculation shows 
that the increased probability of malfunction may be 0.03 per year. This means that 
if 100 systems are used for 1 year, one can expect that three more systems will mal-
function compared to residential sprinkler systems directly connected to the public 
water supply. Sprinkler statistics (industry) show that the malfunction of a properly 
sized sprinkler system is 0.02–0.03 [41], which gives an idea of the order of magni-
tude of the increase. The main contribution to the lower reliability is the probability 
that the valve required to “isolate” the pump is closed. The contribution from other 
components such as the pump and the pressure switch is low. Regarding nozzle 
clogging, practical tests show that this cannot be expected to be a problem for the 
nozzles used in the test series.

RISE Research Institutes of Sweden have conducted a more recent series of resi-
dential sprinkler and water mist nozzle fire tests [42] in a test compartment sized 
3.66 m by 3.66 m (12 ft. by 12 ft.). The fire test source consisted of either a simu-
lated or an authentic upholstered chair. Benchmark residential sprinkler tests were 
conducted using a water flow rate of 30.3 l/min. This was the minimum listed flow 
rate given by the manufacturer for the compartment size. Additional tests were con-
ducted using 60.6 l/min, corresponding to the relevant design density of 4.1 mm/
min in NFPA 13. The performance of several commercial, automatic low- and high- 
pressure water mist nozzles was determined. The flow rates of the water mist noz-
zles ranged from about 17 to 37  l/min. Generally, it could be concluded that the 
performance of these nozzles was comparable or better than the residential sprin-
klers using approximately half to one-quarter of the water flow rate. Figure 11.2 
exemplifies the performance with the measured mean gas temperature inside the test 
compartment. The gas temperature was measured at eye-level (1.6 m above floor) at 
the centre point of each of the four quadrants of the test compartment, except for the 
quadrant with the fire test source. The data are for the tests with the simulated 
upholstered chair.
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Fig. 11.2 The mean gas temperature at eye-level (1.6 m above floor) inside the fire test compart-
ment when testing residential sprinklers and water mist fire protection system nozzles [43]

The high-pressure water mist nozzles provided the best cooling. This observation 
supports the assumption that smaller water droplets provide efficient gas phase 
cooling. The combustible foam cushion that was used for the fire test source was 
completely or almost completely consumed in all tests. The lowest measured mean 
gas temperature inside the test compartment was recorded in the test with the resi-
dential sprinkler flowing 60.6 l/min.

Underwriters Laboratories Inc. (UL) has developed a fire test procedure for auto-
matic water mist nozzles intended for residential area applications, UL 2167 [43]. 
The method resembles that used for residential sprinklers; however, the application 
is limited to one- and two-family dwellings and manufactured homes. If a single 
nozzle activates during the tests, an actual system should be designed using two 
nozzles. If two or three nozzles activated, four nozzles should be included in 
the design.

British Standard BS 8458:2015 [44] provides recommendations for the design, 
installation, water supplies, commissioning, maintenance, and testing of water mist 
fire protection systems with automatic nozzles. The field of application includes 
systems installed in residential and domestic occupancies up to a maximum ceiling 
height of 5.5 m. The document primarily covers water mist fire protection systems 
used for life safety, but the systems may also provide property protection.
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4  Pre-engineered Fixed-Installed or Mobile Area Fire 
Protection Systems

Pre-engineered systems are systems which have the number of nozzles and the pip-
ing calculations for the system pre-defined by the manufacturer. This results in less 
work and responsibility to the designer/installer to ensure that the water supply will 
be enough for the application. This also means that the application may be specific 
to a hazard, room, location, or property. Determining whether the solution is fit-for- 
purpose is still the responsibility of the installer. Pre-engineered systems may also 
result in reduced water flow rate when compared to a traditional residential sprin-
kler or even a traditional water mist system where the water supply has to include a 
safety margin for a maximum number of nozzles. This makes the systems more 
suitable for retrofit or temporary use, where water supply or storage is limited.

There are several pre-engineered fire protection systems in the marketplace that 
are either fixed-installed or mobile and are intended to be used as an alternative, or 
complement, to residential sprinklers for a particular part or parts of a dwelling. 
Typical applications include care homes and permanent or temporary accommoda-
tion for elderly, social housing, or simply private dwellings with extensions.

4.1  Fixed Pre-engineered Water Mist Systems

Fixed pre-engineered systems are primarily used as an alternative to a traditional 
sprinkler system (also fixed) and therefore are most frequently used to meet build-
ing code requirements. These systems are optimized to minimize the flow of water, 
which is usually limited in a single home, or because there is usually much less 
space available for a tank. The specific design flows allow for a single type of pipe 
diameter which has a maximum length (maximum acceptable pressure loss) for the 
whole installation. Given these are domestic systems intended to protect one or two 
dwellings, pipe lengths do not need to be significant. A multi-dwelling building 
would have a system on every dwelling, connected directly to the existing water 
drinking supply of that home as opposed to a central system with tanks and booster 
pumps for the exclusive use of fire fighting. Such systems must meet the same fire 
performance requirements of traditional sprinklers or traditional water mist sys-
tems, and the installation is intended to remain as part of the structure of the build-
ing with the intention of meeting building code requirements.

Such systems have also, more recently, been used to upgrade the fire safety of 
existing buildings, either to voluntarily bring them up to existing code or because 
occupants are found to be more vulnerable than the code at the time of construction 
assumed. Once again, the reduced water flow makes them easier (and less costly) to 
retrofit than traditional systems.
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4.2  Mobile Pre-engineered Water Mist Systems

A mobile water mist unit is intended to be used as a safety-enhancement device, not 
to meet building code requirements. It is most frequently used for those with limited 
mobility or high-risk behaviour who might be a victim of a fire while intimate to the 
fire itself. As a result, these units are most frequently designed to cover a single 
room or only a limited area of a room, such as a couch, bed, or chair, where the 
source of the fire might take place.

A mobile system may consist of a unit containing a smaller sized water tank, a 
pump, a fire alarm panel, and an integrated water mist nozzle. The unit should be 
strategically positioned inside the room to be protected and is connected to an elec-
tric power supply. The system may be activated by a separate smoke and heat, or 
flame detector positioned at the ceiling or only to the area of protection (in the case 
of flame detector). The choice of detection method is the result of the vulnerability 
of the occupant and therefore the need of quick activation. The amount of water in 
the tank is sufficient for a care giver to respond to where the activation has occurred 
and may include up to 10–15 min duration. Additional nozzles, for example above 
specific fire hazard areas, the bed, or in adjacent rooms, can be connected to the unit 
if the pre-engineered design supports this functionality. Because the system will 
most probably wet the occupant and there is limited run time on the system, it is 
assumed that this system is used in applications where help can arrive in short 
notice. These systems, therefore, usually have an output signal facility to indicate 
that they have been activated so that attention of the care giver can be summoned.

The system must be positioned, installed, and maintained by an authorized 
installer. Periodical inspection includes a verification that the system and the noz-
zles are not being obstructed. These systems do not have to meet the fire perfor-
mance tests of existing national and international standards used to meet building 
code. Performance may be assessed in a case by case basis based on the occupation 
and risk.

In 2007, Sweden and Norway issued a common guidance for the installation and 
fire testing of mobile pre-engineered water mist systems. The stated objective is that 
the system should provide an early alarm and control a fire such that gas tempera-
tures and toxic gases are limited during the time required for the fire service to res-
cue and fight a fire. The manufacturer should verify and declare that the product 
meets the requirements of the guidelines and guarantee the function of the system; 
no approvals are issued [45].

4.3  Fire Tests and Field Experience

RISE Research Institutes of Sweden have conducted a series of residential sprinkler 
and automatic water mist nozzle fire tests that included a commercial pre- engineered 
mobile high-pressure water mist system [42]. The system was activated by a 
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combined heat and smoke detector which provides for earlier activation compared 
to a frangible glass bulb used for residential sprinklers. The flow rate of 8 l/min was 
significantly less than that of the other systems. The performance was comparable 
to that of the fixed-installed automatic water mist nozzles in the study. However, the 
results suggest that the position of the fire test source relative to the position of the 
unit is a crucial factor and underlines the importance of a thoughtful positioning in 
practical applications.

Field experiences indicate that life has been saved by these types of systems. In 
a pilot project in 2012, the City of Copenhagen installed 50 mobile systems in 
homes with residents judged having an increased probability of fire. The project was 
immediately successful and an additional 220 units were purchased in 2013 and 
2014. After 3 years, the project was evaluated, and it turned out that nine lives were 
probably saved, and the cost of fire damage was reduced [46].

Runefors and Frantzich have conducted a cost-benefit analysis of mobile pre- 
engineered water mist systems in Sweden [47]. The advantage of mobile systems is 
that they can be arranged in a room without major intervention in the home. Some 
of the systems are also possible to reassemble in new dwellings. If the analysis 
includes mobile systems for the entire elderly population, the societal benefit does 
not exceed the overall cost. But for particularly vulnerable groups, it is concluded 
that the benefit outweighs the cost of the installation. This is especially true for older 
people who are smokers. For this group, the measure is highly socio-economically 
profitable with a benefit ratio of 1.57–4.92 depending on age group and whether the 
system is reused in other homes or not.

5  Stove Top Protection Systems

Many fires start in the kitchen in connection with cooking on the stove. A stove 
guard is a technical device that monitors the stove. When there is a risk of fire, it 
alarms and (if no one responds) disconnects the power supply to the stove. The 
device can have detectors that respond to smoke, heat, movement, or a combination 
of these. The detector unit may be integrated in the cooker or it can be installed 
afterwards under the hood or on the wall behind the stove. The device is usually 
discreetly designed and does not require much space. In addition, a stove guard can 
be supplemented with a fire extinguishing module. The stove guard may be con-
nected to the Wi-Fi and send a remote warning to the user’s mobile phone, or to 
another receiver that is able to respond on the alarm.

All stove guards marketed in the EU and ESS must be designed and manufac-
tured in accordance with EN 50615:2015 [48], be type tested, and CE marked. The 
standard divides the stove guards into three classes:

• Category A: The stove guard should be capable of extinguishing a fire. When the 
extinguishing agent is applied, the power supply to the stove is disconnected.
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• Category B: The stove guard disconnects the power supply to the stove when 
there is a risk that a fire may occur.

• Category AB: The stove guard disconnects the power supply to the stove when 
there is a risk that a fire may occur, and it can also extinguish a possible fire.

The extinguishing ability (Category A) is tested with a pan with sunflower oil. 
The stove guard must detect the fire within 45 s and the fire must be extinguished 
without splashing oil. The fire must not reignite within 10 min. In addition, a fire in 
a roll of kitchen paper must be extinguished. The ability to prevent a fire from 
occurring (Category B) is tested with a pan with sunflower oil. The oil is heated on 
the highest power position and the voltage to the stove must be disconnected before 
the oil reaches 330 °C. Thereafter, the temperature of the oil must not exceed 350 °C 
during the following 10 min. A challenge for manufacturers is that the stove guard 
must be able to distinguish an incipient dangerous situation, for example when a pan 
with hot oil approaches the self-ignition temperature, from normal cooking. If the 
stove guard often disconnects the stove during normal operation, the user may lose 
confidence in the technology, which becomes an annoyance. If the stove guard does 
not disconnect the power supply before or when a fire occurs, an incident can in the 
worst case lead to a fully developed kitchen fire. Therefore, a false alarm test is also 
included with three pans filled with boiling water and a pan with oil. It is only when 
the oil gets too hot that the stove guard disconnects the power. Some stove guards 
therefore have several types of detectors, such as Infra-Red (IR), heat, and motion 
detectors as well as built-in logic to reduce the probability that the power supply is 
accidentally disconnected.

The most common type of stove guard in the marketplace is of Category B, 
although the other categories can be found in the market.

5.1  Fire Tests and Field Experience

There are some documented experiments with stove guards, but since technological 
development has progressed rapidly in recent years, the results are not certainly 
relevant to today’s technology. In 2010, the fire test laboratory at SINTEF in Norway 
conducted tests with stove fires [49]. A total of 76 tests were performed, of which 
23 were initial tests without stove guards. In addition to using different types of 
stoves, the plate used, the type of cookware, and the type of oil or cooking fat were 
varied. Seven different stove guards were tested. Based on the tests, only three stove 
guards could be considered to perform satisfactorily. The major challenge for them 
was to distinguish an incipient dangerous situation, for example when a pan with 
hot oil approaches the self-ignition temperature, from normal cooking. It was only 
one stove guard which managed to reduce the probability of false activation in com-
bination with a high probability of reacting to an initial dangerous situation. This 
stove guard was the most advanced of those tested and had an IR detector to 
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measure the infrared heat radiation, an optical flame detector, and a temperature 
sensor. The detector unit was also mounted directly above the cooker top, which 
means that the function is less affected (no shielding of the view) by the design of 
the pans and where they are placed on the top. Since 2010, stove guards meeting the 
requirements in EN 50615 are required to be installed in all new dwellings in 
Norway [50], but there are currently no available studies whether or not they have 
reduced the number of kitchen fires.

In 2011, RISE Research Institutes of Sweden tested some of the stove guards in 
the marketplace [51]. Since at that time there was no standardized test method, a 
methodology was developed. The objective was to test the stove guards in as real an 
environment as possible and they were judged to work if they disconnected the 
power supply early enough to prevent a fire or before the food developed very heavy 
smoke. Four different stove guards were tested and two different stoves, one with a 
ceramic cooker top and one with cast iron plates. A total of 74 different tests were 
conducted. In cases where the stove guard did not work, only one attempt was made. 
For the setups where the stove guard worked, the test was repeated to verify the 
result. In the 68 different trials where a result was obtained, the stove guard per-
formed as intended in 33 cases and failed in 35 cases.

Runefors and Frantzich have conducted a cost-benefit analysis of the installation 
of stove guards in Sweden [47]. The analysis is based on the system reducing the 
number of fatalities and injuries in fires and a reduced need for fire service rescue 
efforts. Additionally, reduced property damage in the dwelling because of a lower 
number of fires was accounted for. From a societal perspective, it was concluded 
that the installation of stove guards is not cost-effective. The savings do not com-
pensate for the cost of installing stove guards in all homes, i.e. the benefit ratio is 
less than 1.0. However, there are indications that it may be socioeconomically prof-
itable to install stove guards in homes for the elderly. But the uncertainty in estimat-
ing the prevention of personal injury is quite large which would require a more 
nuanced analysis to be performed.

6  Summary

Residential sprinkler systems were developed in the USA during the 1970s and 
1980s and have proven an efficient means of improved protection against injury and 
life loss. Field experience from USA indicates that the death rate is in the order of 
90% lower where sprinklers and hardwired smoke alarms are present. In addition, 
residential sprinklers do reduce the number of injuries in the event of a residential 
fire, medical costs, and total costs of injuries. Other benefits include a reduction of 
homeowner insurance premiums, uninsured direct property losses, and uninsured 
indirect costs. It is estimated that about 8% of homes in the USA are equipped with 
residential sprinklers. Although all U.S. model building codes include sprinkler 
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requirements for all new, one- and two-family homes, each state can reject specific 
parts of the adopted code for their particular jurisdiction. This is the reason why 
residential fire sprinklers are not required in most areas, despite the model code 
requirements.

Residential sprinklers gradually started to be used outside of USA in the late 
1990s, particularly in the Nordic countries and in the UK.  Since July 2010, the 
Norwegian building code has required sprinklers in almost all new buildings, apart 
from single-family houses and some small buildings in which people do not sleep. 
In 2019, approximately 190,000 residential sprinklers were installed in Norway, 
which corresponded to almost 24% of all installed sprinklers. In 2007, England and 
Wales introduced requirements to fit sprinklers in new built apartment buildings 
higher than 30 m, along with several incentives to fit sprinklers in new three-storey 
and four-storey houses. In 2016, Wales became the first country to require sprinklers 
in all new housing. The British residential sprinkler market in 2020 is estimated to 
be over 500,000 sprinklers and expected to grow further with the new, upcoming 
requirements.

Water mist fire protection systems can provide similar protection to residential 
sprinklers, using lower discharge densities. There are recognized fire test proce-
dures as well as design and installation standards that increase the market opportu-
nities for the systems. In Norway, residential water mist nozzles had a market share 
of about 10% of the residential sprinkler market in 2019. Fixed-installed or mobile 
pre-engineered fire protection systems may also result in reduced water flow rates, 
as they typically are activated by a smoke and heat, or flame detector, which result 
in earlier activation. The systems are intended to be used as an alternative, or com-
plement, to residential sprinklers for a particular part or parts of a dwelling. A 
mobile system may consist of a unit containing a smaller-sized water tank, a pump, 
a fire alarm panel, and an integrated water mist nozzle. The unit should be strategi-
cally positioned inside the room to be protected and is connected to an electric 
power supply. Additional nozzles, for example above specific fire hazard areas, the 
bed, or in adjacent rooms, can be connected to the unit if the pre-engineered design 
supports this functionality. Document field experience is limited, but experience 
indicates that life has been saved by these types of systems.

Many fires start in the kitchen in connection with cooking on the stove. A stove 
guard is a technical device that monitors the stove. When there is a risk of fire, it 
alarms and disconnects the power supply to the stove. The device can have detectors 
that respond to smoke, heat, movement, or a combination of these. All stove guards 
marketed in the EU and ESS must be designed and manufactured in accordance 
with EN 50615:2015, be type tested, and CE marked. There are currently no avail-
able studies showing to what extent the use of stove guard has reduced the number 
of kitchen fires.
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Chapter 12
Residential Fire Rescues: Building a Model 
of Rescue Types for Supporting the Fire 
Service

Margrethe Kobes and Ricardo Weewer

Abstract Firefighters take great risks when rescuing victims from residential fires. 
Therefore, insight from practice is essential for supporting the fire service in the 
choices that must be made during rescue operations. Despite the fact that generally 
little is known about the circumstances of rescue operations worldwide, tentative 
information is already known at the local level.

This chapter describes the development of a model of rescue types for supporting 
the fire service in the (preparation for) the organization of rescue operations and for 
the prevention of fires where rescue becomes necessary. The presented model is 
based on data from a multiyear survey by the Dutch fire service and is illustrated by 
descriptions from practice. Due to possible differences in the execution of fire res-
cue operations between countries, it may be necessary to adapt the presented model 
to local conditions.

Furthermore, insight is given in the preliminary indicators for an increased 
chance of survival. Survival appears to be mainly related to the location of the vic-
tim, degree of physical vulnerability to fire, and the physical capacity to escape. The 
speed of fire discovery and the response time of the fire service seem to have less 
influence on the survival of the fire.
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1  Introduction

Saving lives, by fire rescue operations, is an important mission of the fire service. 
Fire rescue operations have a major social impact because they affect the direct lives 
of those involved and of those living around them. Besides, they also demand a lot 
from the fire service, both in the psychophysiological field for the firefighters 
involved and in terms of preparing and managing the rescue operation. Information 
is needed to support the fire service in this. Step-by-step knowledge is expanding 
about the possibilities and limitations of firefighter’s capabilities under severe con-
ditions: some recent studies focus on psychophysiological responses of firefighters 
to day and night rescue interventions [13], on heat stress, fatigue and recovery prac-
tices [5], or on crawling speeds of search and rescue operations during interior fire-
fighting [12]. However, there is little data from practice available on rescue 
operations by the fire service. Even data on how many victims are rescued annually 
is difficult to find. However, in some countries, initial data collection has started, 
such as in Sweden [15], the Netherlands [11], and the United States 
(Firefighterrescuesurvey.com).

Rescue is needed when occupants in a building on fire cannot escape by them-
selves. Sometimes a rescue operation results in a fire fatality. Compared to fire res-
cue operations, more research has been conducted into fire fatalities worldwide for 
some time now [1, 6, 7, 9, 16]. The studies show, among other things, that most 
fatalities occur in residential fires. In addition, research has shown that modern resi-
dential fires develop faster and produce more smoke than before [2, 3, 10]. The 
smoke often spreads faster and further than the actual fire. The smoke contains 
poisonous gases and people can become intoxicated or disoriented as a result. 
Besides, a residential fire not only leads to unsafe situations for people in the direct 
vicinity of the fire but also for people in surrounding areas with smoke [3, 14]. In 
those circumstances, the occupants fail to evacuate by themselves (or cannot due to 
disability) and the need for rescue by the fire service will be inevitable. However, 
there are also limits to the fire service's ability to rescue people. For example, when 
there is heavy smoke development, a rapid fire spread, large numbers of people who 
need to be rescued, or a combination of these. These circumstances make it increas-
ingly difficult for the fire service to rescue people from fires in the home and this 
raises the question to what extent this is still possible at all.

In this chapter, we present a model categorizing the various types of rescue oper-
ations. This model can be used to prepare for rescue operations, dimension the fire 
service capabilities and to prevent rescue operations to be necessary. The model is 
based on data from an extensive data collection on rescues of victims of residential 
fires by the Dutch fire brigade. We recognize that there will be differences in the 
execution of fire rescues between countries, because there may be a difference in the 
organization of the fire service and in building types. However, the model can be 
adapted to local differences by using local data on rescues. Based on the circum-
stances of victims who had to be rescued by the fire service, we distinguish several 
types of rescue operations. Furthermore, we give insight into differences in 
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circumstances of victims who did or did not survive the fire. To demonstrate the 
applicability of the model, we conclude with an overview of critical findings from 
practice that are important for saving lives by rescue operations by the fire service.

2  Methodology

From literature, it appears that in general there is little data available on rescue 
operations by the fire brigade, especially on the circumstances of the victims who 
need to be rescued. To gain more insight into the circumstances during rescues by 
the fire brigade in residential fires and fatal residential fires, the Fire Service 
Academy of the Institute for Safety has started collecting data about these types of 
residential fires in the Netherlands. The data collection takes place in collaboration 
with qualified fire investigators of the Dutch fire service, using a digital question-
naire. The questions relate to four aspects that affect fire safety, namely, the fire 
characteristics, building characteristics, human characteristics, and intervention 
characteristics.

There are several views on what can be understood by “rescue from a residential 
fire.” In this study, it was decided to use the following definition:

A rescue from a residential fire is an evacuation by the fire brigade of a civil person who 
cannot or does not want to escape independently and would have been in a worse situation 
without the intervention of the fire brigade. The fire took place in a building with a residen-
tial function or another “housing related” object, including fires that are caused 
intentionally.

The data about rescues from fire are compared to data about fatal residential fires:

A fatal residential fire is a fire involving civil fatalities due to fire, which took place in a 
building with a residential function or another “housing related” object and is not caused 
intentionally1.

The study is therefore limited to rescues and fatalities from a building with a resi-
dential function or other “residential-related” object2. It is limited to rescues in the 
event of fire incident type, to rescues carried out by the fire brigade, and to rescues 
where the rescued person survived the fire. The study on fatalities is limited to 
unintended fires. First of all, it is because of the initial scope of the data collection 
and also because detailed data from a crime scene will not be available for the survey.

1 These are the residential fires with fatal outcome where it is certain that there was no arson, mur-
der, or suicide. Residential fires with a fatal outcome intentionally caused by accountable adults 
are excluded from the research. Other types of arson are included in the analysis, for example, fires 
caused by children playing or adults with mental health issues.
2 The criterion for “residential function”/“residential-related” is that there must be more or less 
permanent residence and the rescued person’s familiarity with the environment. Rescues of people 
from nursing homes were therefore included in the study, but rescues from (for example) hospitals 
were not. Rescues from mobile homes and sheds (if they belong to a home) were also included in 
the study.
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The analysis of fatalities is based on data from the period 2008–2019 and the 
dataset contains information about 338 incidents and 366 victims. See for an annual 
review example [8]. The analysis of rescues is based on the data of incidents from 
2016, 2017, and 2018 in The Netherlands. In total, approximately 750 people have 
been rescued by the fire brigade in about 245 incidents; these incidents are more or 
less evenly distributed over the years. In 90% of the incidents, a maximum of six 
persons had to be rescued, and generally (70%) there were one or two rescues per 
incident. Thus, there have been relatively few large-scale rescues. For efficiency 
reasons, the information regarding the rescued persons for most of the large-scale 
rescue operations was queried per group of victims that were rescued in comparable 
circumstances. In the other incidents, the information is registered per individual 
victim. In total, there is data available of about 400 victims on an individual level, 
rescued from 215 incidents (88%), and of about 350 victims on a group level.

The collected cases have been clustered into several common types of rescue. 
This characterization helps to gain a better understanding of the problems and pos-
sibilities for the fire service in terms of prevention, preparation, and operation of 
rescues. To distinguish different common types of rescue, we first divide between 
small-scale and large-scale rescue operations. In the former type, six or fewer vic-
tims per incident were rescued by the fire service, and in the latter type, more than 
six victims per incident. This is an approach from the point of view of the organiza-
tion of the fire service. Another, complementary approach, is that from the point of 
view of the victims’ circumstances. To distinguish between these circumstances, a 
model has been developed, based on the three stages of the escape process [4]. The 
basic principle for fire safety in buildings is that those present should escape from 
the home by themselves in the event of a fire. Rescues are necessary when those 
present cannot escape by themselves. The escape process consists of the follow-
ing stages:

 – Discovering the fire
 – Decision making, based on an assessment of the situation by the resident
 – Escape to a safe place

In these different phases, the ability to escape can be impeded, so that a rescue 
becomes necessary. The impediments can be caused by the physical and mental 
condition of the persons, by the fire situation, or by building characteristics. The 
combination of the three phases of the escape process and the three types of causes 
of impediments (impediment due to a physical disability, obstruction by fire or 
smoke, and obstruction by the building elements) has resulted in six potential rescue 
types. Since most of the incidents were small-scale rescues (6 victims or less), we 
only apply the aforementioned six rescue types for the small-scale rescues. To 
incorporate the large-scale rescues, two rescue types have been added to the model, 
namely the nonurgent rescues in large-scale rescue operations (type 7) and the 
urgent rescues in large-scale rescue operations (type 8).

Because there is a hierarchy in the reasons for the need for rescue, a rescue can, 
for example, fit in rescue type 3, while there is also serious injury from fire or a 
physical disability. In that case, the blocked escape route is considered more 
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relevant for the allocation to a rescue type than the serious injury or the physical 
disability. In order to escape, it is first of all important that the escape route is avail-
able. Thereafter, an impediment due to serious injury is considered more relevant 
than an existing physical disability. In the event of serious injury there is a risk of 
loss of consciousness and there is usually no possibility to escape. With an existing 
physical disability, there is often still a possibility to escape, but this takes more time 
and effort, so that a rescue may still be necessary. Furthermore, rescue type 3 is 
divided in the blocked escape route for the victims in the residential unit on fire (3a) 
and in the blocked escape route for the victims in the neighboring apartments (3b).

For the assignment of the rescues to the distinct rescue types, additional use has 
been made of the flow chart as shown below.

 

3  Survey Data as the Foundation of the Model

Developing a model for rescue operations requires a good understanding of the 
circumstances under which the rescue operations took place. This section describes 
the various rescue operations per clustered type of (similar) rescue operations. The 
first step of categorizing the types of rescues by the fire brigade is from the point of 
view of the organization of the rescue operation. The data of the Dutch survey is 
used to indicate the extent to which the various rescues in the major categories 
took place.
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3.1  Characterization of the Rescues by Scale and Urgency 
of the Rescue Operation

First of all, a distinction is made in the scale of the operation. Nearly all incidents 
involved small-scale rescues, while only 60% of the victims were rescued in these 
fires with six or fewer victims per incident. The other 40% of the rescued victims 
were involved in large-scale incidents. Large-scale incidents have a social impact on 
society and it is challenging for the fire service to evacuate many victims in threat-
ening circumstances. Therefore, the large-scale incidents are also included in the 
model, even though they are not decisive in the frequency of occurrence.

Second, a distinction can be made between urgent rescues and rescues as a pre-
caution. In an urgent rescue, there is a direct threat to life, for example, because the 
victim is near the seat of the fire, there is heavy smoke development near the victim 
or it seems the victim is going to jump. In a rescue as a precaution, there is no imme-
diate threat to the victim, but the fire situation is deteriorating. Most of the rescues 
involved small-scale urgent rescues (62 incidents and 117 victims annually).

Some of the victims who were rescued from a residential died at a later moment 
as a result of their injuries. A comparison of the circumstances of rescue operations 
with fatal residential fires can give insight into indicators of an increased chance of 
survival. The data on fatal residential fires are therefore included in the survey data. 
The fatal residential fires are almost exclusively small-scale operations.

Compared to fatal residential fires, there were about two times more small-scale 
rescue operations, and about three times more victims involved.

 

In the following sections, more detailed information is given on the circum-
stances of rescue operations and the fatal residential fires. Most of the rescues 
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(measured by number of victims) in the Dutch survey concern small-scale urgent 
rescues, large-scale urgent rescues, and large-scale rescues as a precaution. 
Therefore, the focus of the detailed descriptions is on those three major categories. 
In addition, the small-scale urgent rescues will also be compared with fatal residen-
tial fires. In the comparison, the focus will be on the incidents where the victim was 
in the residential unit on fire.

3.2  General Features of Rescues by the Fire Brigade

First, the similarities between the small-scale, large-scale, urgent, and nonurgent 
rescues are discussed here. Where applicable, the similarities between rescues and 
fatal residential fires are also included.

Building and Human Characteristics The rescued victims were usually found 
outside the fire room. Both rescued and deceased victims were slightly more often 
male than female, although the percentages are around the average. Furthermore, 
the rescued or deceased victims were as often awake as they were asleep, only in the 
large-scale nonurgent rescues the victims were awake twice as often as they 
were asleep.

Fire Characteristics Incidents with a large fire size occur, but most of the incidents 
involve a fire that was limited to the room in which the fire started, including the 
fatal residential fires. In small-scale rescues, the fire was often even limited to the 
object of origin. However, these relatively small fires produce such an amount of 
smoke that shortly after the fire started the escape route gets blocked by smoke. In 
half of the cases, it concerned the hallway of the residential unit in which the fire 
started, and a victim who was found in a room other than the fire room. The other 
half of the cases concerned the common interior hallway or stairwell of an apart-
ment building, probably because the resident had escaped from the apartment in 
which the fire started and left the front door open.

Intervention Characteristics Typically, incidents wherein rescue is needed occur 
in the evening or at night. In a fire in the evening or at night, the residents were often 
asleep and therefore less likely to discover the fire. However, despite the late time of 
the event, the fire was in general rapidly discovered and reported to the fire brigade, 
namely within 15 min after the start of the fire and even often within 5 min after the 
start of the fire. Fatal residential fires were also in general rapidly discovered and 
reported. The time between fire start and discovery was estimated by fire investiga-
tors, sometimes based on eyewitness statements. It should be noted, however, that it 
is not always possible to make a good estimate of the time between the moment of 
the start of fire and the moment when the fire was reported to the fire brigade. The 
response time of the fire brigade can be determined with more precision. Generally, 
also the fire brigade arrived rapidly on the scene, on average within 7  min for 
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 small- scale rescues and fatal residential fires and within 8 min for large-scale inci-
dents. Thereafter, the victims are also quickly located: in almost all small-scale 
urgent rescues within 5 min after the arrival of the fire brigade, and in almost all the 
large- scale or fatal incidents within 15 min, and in 60% of the cases even within 
5 min. Rarely, it took more than 15 min for the firefighters to locate and rescue the 
victim, and it occurred almost solely in large-scale rescues and fatal residential fires.

When the victims need to be rescued from the balcony, the use of a rescue vehi-
cle turned out to be essential, as nearly 50% of the victims in the large-scale rescues 
were rescued via a turntable ladder or hydraulic platform, about as often as in the 
small-scale rescues. In the large-scale rescues, 25% of the victims were escorted 
outside without protective equipment, twice as often as in the small-scale rescues. 
In a rescue using a turntable ladder or hydraulic platform, the victims do not have to 
be exposed to the smoke in the blocked escape route.

3.3  Features of Large-Scale Rescue Operations by 
the Fire Service

Although it concerns a limited number of incidents yearly, in the Netherlands about 
seven per year, they are incidents that demand the utmost from the fire service as 
there are large numbers of people who need to be rescued, about 100 victims a year. 
In half of the large-scale incidents, between 7 and 10 people were rescued, in a 
quarter between 11 and 20 people, and in the other quarter more than 20 people 
were rescued, with about 55 people in the largest rescue operation. In all cases, but 
especially in the case of large-scale incidents, the challenges for the fire service are 
great when it comes to (many) victims who have to be rescued urgently. While many 
incidents concern rescues as a precaution, there is also an alarming number of inci-
dents with many victims in a life-threatening situation.

Building Characteristics The incidents mostly took place in a porch flat, which is 
a multifamily apartment building, where the front doors of two adjoining apart-
ments on each floor lead to a shared staircase. Furthermore, the incidents often 
occurred in an apartment building in which the front doors of the apartments are per 
floor connected to an interior common corridor. Large-scale rescue operations usu-
ally involve rescues from apartments adjacent to the apartment in which the fire 
started. Usually, it concerns apartments that share a common interior corridor or 
stairwell with the home in which the fire started. In these incidents, sometimes also 
a victim is rescued from the apartment in which the fire started.

In most cases, the victims were rescued from another apartment than where the 
fire started. Only 10% of the victims in the large-scale rescue operations had to be 
rescued from the apartment in which the fire started. In those rescue operations, also 
victims from the neighboring apartments were rescued. Although the victims were 
usually found outside the fire room, in the large-scale rescue operations also some 
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victims (2%) were rescued from the fire room. In the nonurgent rescues, the victims 
who were rescued within half an hour after arrival of the fire brigade were mostly in 
their apartment, while the victims who were rescued after half an hour were often 
on the balcony.

Human Characteristics In large-scale rescues, the victims were frequently vulner-
able elderly or children, though in the nonurgent situations (80%) more often than 
in the urgent situations (67%). In urgent situations, 50% of the victims were asleep, 
while 67% of the precautionary rescued victims were awake at the time of the fire. 
In 75% of the nonurgent rescues, limited mobility was the main reason for the need 
for rescue.

Fire Characteristics In the large-scale urgent operations, a rescue was mostly 
needed because the escape route was blocked by smoke. The victims to be rescued 
were frequently the neighbors of the apartment in which the fire started. They were 
often unable to escape because the common corridor of the stairwell, their only 
escape route, was full of smoke. In 20% of the cases, the neighbors were not only 
threatened by the smoke, but the fire spread to other apartments as well. These are 
the most difficult situations for the organization of the rescue operation: it concerns 
not only a large-scale rescue operation but also a large-scale firefighting operation.

Intervention Characteristics The large-scale rescue operations most often took 
place in the last three months of the year (50%), when it is getting colder outside 
and people are more often at home.

In the rescues as a precaution, the victims were mainly escorted outside by the 
firefighters without protective equipment (56%) or were rescued using a manual 
ladder (16%) or the revitox (12%), a device that is connected to the firefighter’s 
breathing apparatus. In a few cases, the victim was dragged outside or rescued with 
the help of an evacuation chair.

3.4  Urgent Rescues: Small-Scale Compared 
to Large-Scale Operations

In an urgent situation, the firefighters may take more risks and endanger themselves, 
compared to situations where the victims are not in immediate threat or where there 
are no more victims inside. There are some differences between the small-scale and 
large-scale rescues, which have a consequence for the rescue operation. First of all, 
the number of victims that are involved in the rescue operation is relevant, as it has 
implications for the capabilities of the rescue operation. Second, a rescue operation 
in which several residential units are threatened by the fire (smoke) is more complex 
than a rescue operation that is limited to one residential unit. However, a rescue 
from one residential unit can already be qualified as complex.
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To gain more insight into the main differences between small-scale and large- 
scale urgent rescues, the characteristics of both types of incidents are described below.

Building Characteristics The large-scale rescues almost exclusively took place in 
apartment buildings with shared interior hallways, mostly in porch flats. The small- 
scale rescues also often took place in such apartment buildings, although relatively 
less often compared to the large-scale rescues. In 25% of the small-scale rescue 
operations, the victims were rescued from a single-family home, while this type of 
housing was rarely involved in the large-scale rescues.

The large-scale operations usually involved rescues from several neighboring 
residential units, while more than 50% of the small-scale operations involved res-
cues from the residential unit in which the fire started.

In large-scale urgent rescues, the victims who were rescued within half an hour 
were mostly outside, on the balcony, or hanging from the window, while those who 
were rescued after half an hour were usually in their bedrooms. The victims in the 
small-scale urgent rescues were mostly located on the balcony or in a bedroom.

Human Characteristics In the large-scale urgent rescues, the victims were fre-
quently vulnerable elderly or children, while the victims in the small-scale urgent 
rescues were generally mobile person between 21 and 60 years old. In both types of 
rescues, about 50% of the victims were not alert, for example as they were asleep. 
The victims in the small-scale rescues were often injured, namely in 80% of the 
cases, which is twice as often as in the large-scale rescues.

Fire Characteristics In most of the urgent rescues, the rescue was necessary 
because the escape route was blocked by smoke. Many small-scale urgent rescues 
were necessary due to rapid fire development or heavy smoke development, although 
the fire was often contained within the room where the fire started.

In large-scale urgent rescues, there was almost always smoke development in the 
vicinity of the victim, roughly as often heavy as light smoke development, some-
times also when the victim was standing on the balcony.

Intervention Characteristics In most of the small-scale rescues, the victim was 
injured to such an extent that the victim was dragged out by a firefighter, and some 
were escorted outside with the support of the fire crew. In large-scale urgent situa-
tions, the victims were most often rescued with the help of a turntable ladder or 
hydraulic platform (46%) or escorted outside by the firefighters without protective 
equipment (27%) or with the aid of an escape mask (15%). In large-scale incidents, 
the firefighters often had difficulty entering the residential unit as the front door had 
to be forced.
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3.5  Small-Scale Urgent Rescue Operations Compared to Fatal 
Residential Fires

To gain insight into the aspects that make the difference between surviving and not 
surviving a residential fire, the small-scale urgent rescues were compared with fatal 
residential fires.

In the small-scale rescue operations, 60% of the victims were rescued from the 
residential unit in which the fire started, while this applies to almost all victims in 
the fatal residential fires. Therefore, we focus on the circumstances of the victims 
who were rescued from the residential unit on fire. For the other rescued victims, we 
assume that they survived the fire because they were not in the residential unit in 
which the fire started. Every year, in the Netherlands, it concerns about 48 incidents 
with 65 victims who were rescued from a residential unit on fire and about 28 inci-
dents with 31 victims who deceased from a fire in their home. Some significant 
differences were found between the conditions in rescue operations and fatal resi-
dential fires.

Building Characteristics Both small-scale urgent rescues and fatal residential 
fires, wherein the victim was trapped by a fire in their residential unit, took place 
most often in a single-family house, namely in about 40% of the cases in both types. 
The first major difference between both incident types is that the deceased victims 
were mostly found in the fire room, while the rescued victims were usually rescued 
from another room than the fire room. About 30% of the rescued victims could 
escape to a certain extent as they stood on the balcony. And, more importantly, 10% 
of the victims were rescued from the fire room. This indicates that the efforts to 
rescue from the fire room are effective: To give an idea of the proportions, in the 
Netherlands, yearly about 17 victims deceased because they were in the room where 
the fire started, of whom six were initially rescued but they deceased later from the 
consequences of their injuries, and about 12 victims were rescued from the fire room.

Human Characteristics For the deceased victims as well as for the victims in 
small-scale urgent rescues, limited alertness played an important role in the fatality 
or the need for rescue. The victims who survived the fire were often mobile persons 
between 21 and 60 years old, while the deceased victims were more often frail 
elderly. Thus, regarding their physical conditions before the fire, the rescued victims 
were less vulnerable to fire than those who deceased from the fire. Nevertheless, in 
both the small-scale urgent rescues and the fatal residential fires, the victims were 
unable to escape without help. The rescued victims often needed help because of a 
blocked escape route and the deceased victims mainly because of a physical dis-
ability. About 30% of the deceased victims were still alive and initially rescued by 
the fire crew.
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Fire Characteristics Rapid fire development or intense smoke development played 
an important role in the fatal residential fires, more often than in the rescues. Near 
the deceased victims, there was significantly more often heavy smoke than among 
the rescued victims. Nearly 50% of the rescued victims were slightly injured, 50% 
were seriously injured, and the rest was uninjured.

Intervention Characteristics Most fires were discovered and reported within fif-
teen minutes after their start; it applies to 67% of the rescued victims and to 50% of 
the deceased victims. There is, however, an important difference in the number of 
fires that are discovered and reported more than half an hour after they started. The 
late discovery applies to 10% of the rescue operations and to 25% of the fatal resi-
dential fires. It should be noted, however, that most of the victims had probably 
already deceased before the fire was discovered.

3.6  Summary of the Survey Data

The following figure summarizes the critical findings from practice that are impor-
tant for the prevention, preparation, and execution of rescue operations.

 

M. Kobes and R. Weewer



209

4  Building a Model for Common Types of Rescue

4.1  Introduction

The previous sections discussed the characteristics of large-scale and small-scale 
rescues and urgent and nonurgent rescues. In size, both in terms of the number of 
incidents and the number of victims rescued, the urgent small-scale ones are the 
most relevant. These types of rescues are subdivided into rescue types that are 
related to the escape process, from the victim’s point of view. How the rescue opera-
tions can be assigned to different rescue types is described in detail in the methodol-
ogy section.

In the table below, an overview is given of the various rescue types. First, there 
is a division into four major categories based on the scale and urgency of the rescue 
operation and the small-scale urgent rescues are subdivided into seven categories 
based on the escape process. To illustrate the expected distribution of incidents and 
victims over the rescue types, the distribution that emerged from the Dutch study is 
also shown.

Rescue types Incidents
Rescued 
victims

Small-scale rescues as a precaution

Rescue type 0: The victim is rescued as a precaution 15% 8%
Small-scale urgent rescues

Rescue type 1: The victim is unaware of the fire 14% 6%
Rescue type 2:  The victim decides not to escape 14% 6%
Rescue type 3a: The escape route of the residential unit on fire is 
blocked by smoke

19% 12%

Rescue type 3b: Smoke blocks the escape route for the neighboring 
apartments

15% 14%

Rescue type 4: The victim is seriously injured by the fire 7% 3%
Rescue type 5: The victim has a physical disability 4% 1%
Rescue type 6: Other reasons for the need for rescue 3% 1%
Large-scale rescues as a precaution

Rescue type 7: Large-scale rescue operation, rescues as a precaution 4% 22%
Large-scale urgent rescues

Rescue type 8: Large-scale rescue operation, urgent rescues 5% 25%

A description of an incident example has been made based on the information 
obtained from the analysis per rescue type. This includes the most common circum-
stances for the incident. In practice, the actual circumstances per incident may differ 
in parts from the example.
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4.2  Rescue Type 0: The Victim Is Rescued as a Precaution

There is no life threat and impediment. The person is in an environment with no fire 
and in which no or hardly any smoke is present.

Example
A fire breaks out in a porch apartment or apartment connected to a shared interior cor-

ridor. A few occupants need to be rescued from both the apartment on fire and the apart-
ments on the floor above. The occupants are young adults, or mobile elderly people, twice 
more men than women. They were awake when the fire started. The fire was discovered 
within 5 minutes after it started and reported to the fire brigade. The fire remains small, 
within the room in which it originated. But because of the smoke in the common stairwell, 
the occupants cannot leave their apartments and they escape to the balcony. There is no 
smoke there. The fire crew arrives 9 minutes after the call and first rescues the occupant of 
the burning apartment by dragging him outside. The other residents are then removed from 
the balcony with the aid of a turntable ladder or escorted outside via the ventilated staircase 
without protective means. The victims suffered no or minor injuries from the fire.

4.3  Rescue Type 1: The Victim Is Unaware of the Fire

There is an impediment during the discovery phase, for example, because the per-
son is asleep at that moment.

Example
During the night, a fire breaks out in the living room of an apartment occupied by a 

30-year-old man. The occupant is sleeping in the bedroom. Ten minutes later, a passer-by, 
walking the dog, sees that there is a fire and calls immediately the fire brigade. The smoke 
has now spread to the bedroom. Only the sofa in the living room is on fire, but the hallway 
is now full of smoke. The fire brigade arrives 6 minutes after the call. They force the front 
door and wake the occupant. The occupant suffers from slight smoke inhalation and is 
escorted outside with an escape mask. The neighbors have also awakened and encountered 
the smoke that has entered the stairwell as a result of the rescue operation. Without an 
escape mask, they are escorted outside by the fire crew.

4.4  Rescue Type 2: The Victim Decides Not to Escape

Impediment during the decision-making phase, for example, because the person has 
mental health issues or does not want to leave the home for some other reason.

Example
A fire breaks out in an apartment. A single male 50-year-old occupant with mental 

health issues is in the fire room. He is under the influence of alcohol and is suicidal. The 
man starts a fire and observes that the things he has collected in recent years catch fire. He 
does not want to leave the residential unit. The room soon becomes full of heavy smoke. 
The neighbors hear some noises, smell fire, and call the fire brigade. The fire crew arrives 
after 7 minutes and discovers the occupant inside. He has serious burns and is taken outside 
without a mask by the fire crew.
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4.5  Rescue Type 3a: The Escape Route of the Residential Unit 
on Fire Is Blocked by Smoke

During the escape phase, there is an obstruction due to building characteristics, for 
example, when the person is locked in a room because of smoke in the landing.

Example
In a semidetached single-family house, a fire breaks out at night. A young couple is 

sleeping in the bedroom on the first floor when the fire starts. Suddenly, they wake up and 
discover that there is a fire on the ground floor. The staircase is full of smoke, but they try 
to escape. One person manages to escape, but the other does not dare to use the stairs and 
goes back to the bedroom. The smoke develops rapidly and the occupant can no longer 
escape. The fire brigade crew after 7 minutes. There is then heavy smoke development in 
the bedroom. The firefighters rescue the occupant by using a manual ladder. The occupant 
is suffering from severe smoke inhalation.

4.6  Rescue Type 3b: Smoke Blocks the Escape Route 
for the Neighboring Apartments

During the escape phase, there is an obstruction due to building characteristics, for 
example, when the only, shared escape route (stairwell) is completely filled 
with smoke.

Example
A fire breaks out in an apartment of a porch flat. The fire is discovered within 15 minutes 

after it started and reported to the fire brigade. The fire and smoke develop quickly and the 
young adult occupants of the apartments above are alerted by the neighbors. They escape to 
the balcony, as it is impossible to leave the porch flat via the stairwell due to the smoke 
development. The fire spreads to a neighboring apartment and light smoke is now hanging 
on the balconies. The fire crew arrives after 7 minutes and rescues the occupants from the 
balconies with a turntable ladder. As a result of the fire, the occupants are suffering from 
light smoke inhalation.

4.7  Rescue Type 4: The Victim Is Seriously Injured by the Fire

During the escape phase, an impediment occurs due to the fire situation, for exam-
ple, a loss of consciousness due to smoke inhalation.

Example
In one of the last months of the year, a fire breaks out in the apartment of a healthy 

50-year-old occupant. The occupant is smoking in the living room and his clothing sud-
denly catches fire. The occupant discovers that the sofa has also caught fire and he is just 
able to call the fire brigade. The fire rapidly spreads to other items in the living room and 
soon the living room fills with heavy smoke. The fire crew arrives after 6 minutes and dis-
covers the occupant unconscious in the living room. The occupant is dragged out by the 
firefighters. The victim suffered minor burns and severe inhalation trauma.
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4.8  Rescue Type 5: The Victim Has a Physical Disability

During the escape phase, an impediment occurs due to mobile limitations, for exam-
ple, because a wheelchair user cannot descend the stairs.

Example
At night the sofa in the living room catches fire in the apartment of an 85-year-old occu-

pant. He is using a wheelchair and cannot leave the apartment without help. The fire crew 
arrives after 7 minutes and discovers the occupant in the living room which is filled with 
heavy smoke, even though only the sofa is on fire. The occupant suffers from severe smoke 
inhalation and is dragged outside by the firefighters.

4.9  Rescue Type 6: Other Reasons for the Need for Rescue

During the escape phase, an impediment occurs that is not covered by the other 
rescue types.

No example description because of a limited number of cases

4.10  Rescue Type 7: Large-Scale Rescue Operation, Rescues 
as a Precaution

There is no life threat and impediment. Several persons need to be rescued from 
multiple locations. They are located in an environment with no fire and where little 
or no smoke is present.

Example
In the evening in one of the last months of the year, a fire breaks out in an apartment in 

a residential complex for seniors. Most of the apartments’ occupants have a physical dis-
ability. Rapidly, the hallway and stairwell are full of black smoke. The occupants escape to 
the balcony. The smoke has not yet spread to the balconies and the apartments, but the 
people on the balcony do not feel safe. The fire crew arrives after 8 minutes. The firefighters 
ventilate the stairwell and escort the occupants outside without an escape mask. The occu-
pants were not injured as a result of the fire.

4.11  Rescue Type 8: Large-Scale Rescue Operation, 
Urgent Rescues

Several persons need to be rescued from multiple locations. They are located in an 
environment that is threatened by the fire or by the effects of fire (smoke).
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Example
Late in the evening in one of the last months of the year, a fire breaks out in an apartment 

complex for seniors. The fire started because the occupant had put a frying pan on the stove, 
but fell asleep on the sofa. The occupant has a physical disability and escapes to the stair-
well. The front door remains open, and quickly the stairwell fills with smoke. Some occu-
pants of the other apartments notice the fire and escape to the balcony. Others are sleeping 
in their bedroom and do not notice the fire. The smoke is now also spreading to the balco-
nies and apartments. When the fire crew arrives, they hear several occupants calling for help 
from the balconies. In the stairwell, they discover the unconscious occupant of the burning 
apartment. Meanwhile, the rescue vehicle has also arrived and the other occupants can be 
rescued from the balconies and their bedrooms. The occupant of the apartment in which the 
fire started deceased on the way to the hospital. The occupants of the other apartments were 
not injured.

5  Application of the Model

To demonstrate the applicability of the model, we give an overview of critical find-
ings from the practice that are important for saving lives by rescue operations by the 
fire service. In this section, we described the circumstances of victims who had to 
be rescued by the fire service and discussed the differences between the death or 
survival of fire.

It is found that fires in apartments that are accessed from a shared interior hall-
way cause the greatest difficulties for a safe escape, both for the persons in the 
apartment on fire and for the persons in the neighboring apartments. Occupants of 
this type of apartment often became trapped because the corridor, their only escape 
route, was full of smoke, see for example rescue types 3a and 3b: the escape route 
is blocked by smoke. Building regulations, in the Netherlands but conceivably also 
in other countries, include measures to ensure that fire in one home will not cause a 
problem for other homes. In practice, residents do appear to face a life-threatening 
situation if a fire breaks out in a neighboring apartment. Often it was a porch-flat, 
where the front doors of two adjoining apartments on each floor lead to a common 
staircase. Furthermore, it often occurred in an apartment building in which the front 
doors of the apartments are per floor connected to an interior corridor.

In some incidents, it is known that the smoke has spread because the resident of 
the burning apartment left the front door open during the escape. From other inci-
dent descriptions, it is known that heavy smoke entered the corridor or stairwell 
after the fire brigade forced the front door of the apartment in which the fire started; 
even when the fire extent was limited to the first ignited object. Some fire investiga-
tors (respondents) indicated that there was “a disproportionate amount of smoke,” a 
degree of smoke spread that did not meet the expectations of the firefighters. This 
picture needs to be adjusted, supported by results from recently conducted field 
experiments on smoke dispersion in residential buildings [3]. From this, it appears 
that in the event of a fire in a sofa, an open front door quickly leads to life- threatening 
concentrations of gases in the adjacent corridor and surrounding apartments, espe-
cially for vulnerable people. The experiments also showed that, even though no 
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smoke was visually discovered, there were still high concentrations of toxic gases. 
The neighbors are consequently threatened by the fire or do not have a safe escape 
route, even if the hallway or stairwell appears to be almost smoke-free. Therefore, a 
quick and safe rescue of neighbors is vital in the event of a fire in an apartment that 
is connected to a shared corridor. Preferably, the rescue should take place through 
the smoke-free outdoor air, or indoors using a mask.

In addition to rescuing many neighbors, a large number of residents were also 
rescued from the residential unit in which the fire started, even from the room on 
fire, see for example rescue type 4: the victim is seriously injured by the fire and 
rescue type 5: the victim has a physical disability. Moreover, in numbers, as many 
people in the room on fire were saved as deceased. Entering a burning residential 
unit for a rescue operation involves major risks for the firefighters, but it appears to 
be worthwhile. The comparison between urgent rescues from the apartment in 
which the fire started indicates that the difference between survival and death in the 
event of a residential fire is mainly related to the victims’ physical vulnerability and 
the degree of smoke development in the direct vicinity of the victim. From this, it is 
assumed that survival is most likely when the victim is between 21 and 60 years old, 
or if the victim has escaped to a relatively safe place due to a good mobility ability.

In all types of rescues, as well as fatal residential fires, the fire is mostly rapidly 
discovered and reported, and the fire brigade arrives quickly on the scene after 
reporting. However, a considerable number of fatal fires were discovered after more 
than half an hour from the start of the fire. Where there is a late discovery, the vic-
tims are often not alert, for example, because they are asleep, see the example under 
rescue type 1: the victim is unaware of the fire. A preventive measure to discover the 
fire more quickly, such as a smoke detector, can be effective in reducing the number 
of victims in a fire, provided that the residents are not vulnerable and have a normal 
mobility ability. For the frail elderly victims, a faster discovery has less effect, as it 
is found in the fatal fires that in about 25% of the incidents a smoke detector was 
activated, mostly when an older, physically impaired victim was involved. Measures 
for rapid firefighting and limiting smoke production or preventing fire ignition are 
more suitable. The home furnishings, particularly sofas and matrasses, have a major 
influence on smoke production.

The rescue type 2: the victim decides not to escape often involves a person with 
mental health issues or suicidal person. In some incidents, it is known that the vic-
tim set fire. When someone sets fire in an apartment that is connected to a common 
interior corridor or stairwell, the victim endangers not only himself but also the 
neighbors. To prevent such fires, measures that can influence the behavior of poten-
tial arsonists are most appropriate. The solutions therefore mainly lie in the field of 
social support. An apartment with a shared entrance is the most dangerous and 
therefore least suitable type of housing for people with mental health issues. Another 
type of housing would be more suitable to prevent neighbors from becoming fire 
victims.

About 20% of the victims become trapped in their residential unit by smoke that 
has spread to the corridor after the fire breaks out in a room elsewhere in the resi-
dential unit (rescue type 3a). In these situations, most victims were often not alert or 
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at least not aware of the fire. A smoke detector in the potential fire room, such as the 
living room, kitchen, and bedrooms, ensures a faster discovery. This increases the 
probability that the fire will be discovered before the escape route is already full of 
smoke. Closing all interior doors when the residents go to sleep will also keep the 
escape route smoke-free for a longer time.

In some of the small-scale urgent rescues, neighbors have become trapped 
because the shared interior hallway is full of smoke (rescue type 3b). This is also the 
case in all large-scale urgent rescues (rescue type 8). In some cases, the rescue 
operation involved both rescued and deceased victims. Such incidents have a major 
impact, both on the residents of the apartment building and the fire crew. Although 
the victims in the neighboring residential units are often not injured, after the inci-
dent they may no longer feel safe in the apartment building. For the rescue opera-
tion, the focus is not only on the residential unit on fire, but the working area is 
larger. The operation requires several fire crews that are not immediately present at 
the scene of the incident. This makes the rescue operation extra complex. 
Furthermore, the use of a rescue vehicle appears to be essential for these types of 
rescues. Most residents are on the balcony and as the escape route is full of smoke, 
rescue via the turntable ladder or hydraulic platform is the safest way to rescue.

The fatal residential fires often occur in single-family homes as well as in apart-
ments. This also applies to urgent rescues in which the victims need to be rescued 
from the residential unit on fire; proportionally this housing type is involved about 
as often as in the fatal residential fires. This indicates that a fire in a single-family 
home more often leads to a very urgent situation than a fire in another housing type. 
Probably, this is affected by a relatively late discovery of the fire in single-family 
homes compared to other housing types, as the data reveals. An explanation for the 
faster discovery of apartment fires can be that one of the neighbors in an apartment 
building will quickly discover the fire because the smoke spreads to the shared cor-
ridor of stairwell, while it takes more time for single-family home neighbors to 
discover a fire next door.

Finally, in the case of rescues, it is noticeable that while driving to the incident 
location, the fire crew often receives little information from the fire dispatch center 
about the situation on site. It is often not known in which apartment the fire is, but 
only that the stairwell is full of smoke or even only that smoke has been discovered. 
It is also regularly not known whether people are inside. This limits the possibilities 
of the fire crew because upscaling is often necessary, while the information for this 
decision is not available until the fire crew arrives on site. This wastes valuable time 
for upscaling. To have this information available earlier, the fire dispatch center 
should, where possible, inquire about specific characteristics that are related to res-
cues or should have more specific information in their database. This includes the 
housing type, whether it concerns a fire in an apartment with a shared interior hall-
way or not, and the details of the residents, whether it concerns residents who are 
vulnerable to fire.
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6  Conclusions

6.1  A First Step Toward a Model of Rescue Types 
for Supporting the Fire Service

Although the understanding of fire rescue operations by the fire service is still lim-
ited, certain insight is gained from a Dutch survey in which qualified fire investiga-
tors provided data on rescues by the fire service. The survey data are used as the 
basis to build a model on residential fire rescues in order to support the fire service. 
This model is applicable in (preparation for) the organization of rescue operations 
by the fire service and for the prevention of fires where rescue becomes necessary. 
Due to possible differences in the execution of fire rescue operations between coun-
tries, it may be necessary to adapt the presented model to local conditions. Therefore, 
the methodology for building the model is described and can be applied in the same 
way to categorize a local dataset on fire rescues.

6.2  Main Findings from the Dutch Survey

The following findings can be drawn from the Dutch dataset on residential fire res-
cues and fatalities:

• Fire rescue operations occur typically in the evening or at night.
• Generally, the fires are rapidly discovered and reported to the fire brigade, and 

after reporting, the fire brigade arrives on average within 8 min on the scene.
• Most of the rescue operations are small-scale urgent rescues, i.e., a maximum of 

6 victims need to be rescued from a life-threatening situation.

 – The main reason for the need for rescue is a blocked escape route.
 – The rescued victims are usually mobile persons between 21 and 60 years old.
 – A fast majority of the victims are trapped in single-family house on fire. Ten 

percent of the victims is rescued from a room on fire.
 – Most victims are rescued from the balcony or the bedroom.
 – Most victims are rescued by using a rescue vehicle or are towed outside by a 

firefighter.

• Fatal fires can be expected in single-family houses with vulnerable occupants.

 – The main reason for fatality is a limited alertness or a fast fire development.
 – A fast majority of the victims are in a room on fire.

• In both fatal fires and small-scale urgent rescues, the fire size is usually small, 
mostly limited to the room where the fire started, but heavy smoke development 
can be expected.

M. Kobes and R. Weewer



217

 – Half of the victims are not alert (sleeping).
 – Most of the victims have serious injuries.

• Large-scale rescue operations are rare and can be expected in fires in apartment 
buildings with a shared interior corridor or stairwell.

 – Most rescued victims are neighbors from the apartment on fire.
 – Most victims are vulnerable persons and half of the victims are not alert 

(sleeping).
 – The main reason for urgent rescues is a blocked escape route and victims are 

mostly on the balcony or in the bedroom.
 – The main reason for a rescue as a precaution is the victims’ physical disability 

and most victims are rescued from the balcony.

6.3  Indicators for an Increased Chance of Survival

Despite the rapid discovery and the relatively small fire size, some victims deceased 
from the fire. Based on the comparison of the circumstances of residential fires 
wherein the victims were trapped in a residential unit on fire, some indicators for an 
increased chance of survival are found.

Given the few differences between the residential fires where victims were res-
cued or deceased, the assumption is that survival is mainly related to the location of 
the victim, degree of physical vulnerability to fire, and the physical capacity to 
escape. A victim in the fire room, an elderly victim, and a victim with a physical 
disability are less likely to survive than a mobile victim between 21 and 60 years 
old, who can bring themself to safety to a certain extent (escape to the balcony). The 
person’s physical vulnerability, in combination with the life-threatening environ-
mental conditions, probably resulted in a fatality, while the less vulnerable persons 
were able to await their rescue by the firefighter in a relatively less harmful environ-
mental condition.

There were no significant differences found in the speed of fire discovery and in 
the response time of the fire service. These factors therefore seem to have less influ-
ence on the survival of the fire. However, it should be noted that in both types of 
incidents the fire was already rapidly reported and the fire crew arrived shortly after 
the fire call.
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Chapter 13
Cost-Benefit Analysis of Fire Safety 
Measures

Henrik Jaldell

Abstract Ignoring costs when evaluating different measures is not a very rational 
way to deal with fire safety. Finding efficient measures to increase fire safety is a 
necessary, but not sufficient condition for choosing the relevant measure. The mea-
sure in question must also be economically efficient, that is, the benefits must out-
weigh the costs, both measured in monetary values. Cost-benefit analysis, CBA, is 
a method used to find out if that is true or not. This chapter describes what CBA is 
and how to use it for evaluating fire safety measures. The problem of choosing val-
ues for lives and injuries is discussed. The chapter also includes a short list of CBA 
results for residential fire safety measures. The main conclusion of the chapter is 
that more CBA studies evaluating fire safety measures should be done.

Keywords Economic evaluation · Benefits and costs · Monetarise · Economically 
efficient · Value of statistical life

1  Introduction

Having efficient fire prevention and suppression in terms of organization, staff, and 
equipment is important. We want smoke detectors and sprinklers to be able to save 
people from injuries and fatalities efficiently. We want fire and rescue services 
to prevent and suppress fires efficiently. However, other public activities in sectors 
such as health and traffic safety could also save injuries and fatalities, since resources 
are limited. From a social point of view, the question then is where a given amount 
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of money will prevent most injuries and fatalities and save most property values. To 
be able to answer that question, information about the effectiveness of the measures 
is not sufficient; we also need to consider the costs for them. Given that we can save 
the same number of people through two different activities, that is they are equally 
efficient, we should, from an economic point of view, choose the least costly activ-
ity. However, in many cases the outcomes are not directly comparable. Fires lead to 
a range of consequences such as fatalities, property losses, and personal injuries. To 
be able to compare different measures in terms of effectiveness, we then need to 
weigh them together using some sort of an index.

The economic way of constructing such an index is to use money as weights. The 
economic cost-benefit analysis, CBA, uses money to weigh benefits and costs, 
respectively, together. From an economic standpoint, the relation between benefits 
and costs shows economic efficiency. The more benefits outweigh costs, the better 
it is from a social point of view and the higher economic efficiency the activity in 
question have. Since both the benefits and the costs are measured using the same 
values, it is also possible to compare fire-related activities to activities in all other 
sectors, not only fire safety or safety in general.

Cost-benefit analyses are relatively straightforward when it comes to devices 
such as smoke detectors. If the benefits of the smoke detector outweigh its costs, it 
is economically efficient. The costs are the purchase price plus the installation cost. 
The benefits are the people warned and rescued and thus the prevented injuries and 
fatalities and the saved property. The costs are, mostly, quite easy to calculate using 
monetary values, for instance using the purchase price. The benefits are harder to 
quantify, both when it comes to the effect and what values to use. Given a known 
effect, monetary values must be set, not only on property saved, but also on reduced 
personal injuries and fatalities.

A more complex cost-benefit analysis could also analyze the effects of a reloca-
tion of the fire and rescue service. Is it economically efficient to move the fire station 
to another place in order to decrease the response times? Yes it is, if the benefits 
outweigh the costs. Here, the costs are associated with the construction of the new 
fire station. The benefits are the effects of the decreased response time calculated, in 
a cost-benefit analysis, as the aggregated monetary benefits of all reduced injuries, 
fatalities, and properties due to responses of the fire and rescue services to all differ-
ent missions: fires, traffic accidents, drownings, and so on, in the future.

This chapter will discuss how cost-benefit analyses can be performed for fire 
safety measures. The next section will present the purpose and the method of cost- 
benefit analyses in a somewhat more detailed fashion. The section after that will 
give some examples of results from cost-benefit analyses for residential fires. After 
that, some complications associated with cost-benefit analyses will be discussed, 
especially regarding how to value lives in monetary values and how to generalize 
the results.
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2  The Ten Major Steps in Performing an CBA

 1. Explain the purpose of the CBA
 2. Specify the set of alternative projects
 3. Decide whose benefits and costs count (specify standing)
 4. Identify the impact categories, catalogue them, and select metrics
 5. Predict the impacts quantitatively over the life of the project.
 6. Monetize all impacts
 7. Discount benefits and costs to obtain present values
 8. Compute the net present value of each alternative.
 9. Perform sensitivity analysis
 10. Make a recommendation

According to Boardman et al. [3]

The ten steps in performing a cost-benefit analysis, CBA, will be described in short 
using the two examples of smoke detectors and relocation of the fire station.

2.1  Explain the Purpose of the CBA

The main purpose of a CBA is to evaluate whether a public project leads to improved 
welfare in a society. The difference of economic cost-benefit analyses compared to 
other evaluations of fire safety is that the cost-benefit analyses compare costs to 
benefits. That is the same as comparing resources (measured in monetary units) to 
the welfare outcome for society (measured in monetary units). It is important that 
resources for prevention lead to fewer fires and greater knowledge about how to deal 
with fires when they occur. It is also important that fire and rescue services can effi-
ciently suppress fires when they do happen. However, from an economic point of 
view, the interesting thing is the relation between the resources put into the system 
and the welfare that people get from it. The resources can be measured as monetary 
costs. The welfare, due to saved lives, fewer injuries, less property damaged, and an 
increased feeling of safety, can, according to economists, also be measured in mon-
etary units.

The purpose of the CBA is to evaluate whether or not a public project leads to 
increased welfare.1 Therefore, the interesting question is whether the government 
could “help” the market in some way, for example by more information, different 
taxation, subsidizing, or even nationalization.2

1 A policy or market that leads to highest possible welfare is called (Pareto) efficient in economic 
theory. The purpose of a cost-benefit analysis can be said to evaluate so-called “market failures.” A 
“market failure” exists, according to economic theory, when the free market itself does not lead to 
highest possible welfare in society.
2 The very fact that the fire and rescue services are run by national, regional, or local governments 
is due to market failures (according to economists): once a fire and rescue service exists, it is hard 
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The problem with smoke detectors is that people do not buy and install them. The 
reason could be that it is too expensive, too complicated, or the problem may be that 
people are not aware of the positive effects regarding risk reduction when it comes 
to smoke detectors. Another effect people may not think about is the positive side 
effect (externalities) of having a smoke detector which also reduces the risk for 
neighbors. However, if the benefits to society outweigh the costs, there may be rea-
son to either inform people more about installing smoke detectors, to give out detec-
tors for free, or to make them mandatory using legislation. The economic problem 
of a new relocated fire station is whether the benefits of reduced response times 
leading to saved lives, fewer injuries, and less property damaged outweigh the costs 
of construction.

2.2  Specify the Set of Alternative Projects

Considering the smoke detector problem, alternative projects could be a smoke 
detector in a block of flats or a detached house. It could also be considered in a 
specific neighborhood or nationwide. Should legislation be used or just informa-
tion? Considering the location problem of a fire station, there are many alternative 
geographical locations. The new alternative must be compared to something and 
usually the easiest and most interesting base alternative is the current state, that is, 
the present location of the fire station.

2.3  Decide Whose Benefits and Costs Count (Specify Standing)

Considering smoke detectors, those who have standing are those living in the area 
of interest, which could be a block of flats, a neighborhood, a city, a region, or a 
country. Considering the location problem of the fire station, those who have stand-
ing are those served by the local fire and rescue service. That means mainly the local 
residents (and who will have to pay it through their taxes have to pay for it), but not 
only them. It would be strange not to include visiting people in a CBA such as hotel 
guests and those in cars passing by.

to collect fees for it since many, not paying fees, can free-ride on the outcome of the service (this 
is called the public good problem).
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2.4  Identify the Impact Categories, Catalogue them, 
and Select Metrics

Questions that must be answered before performing a CBA for smoke detectors are: 
Who will benefit from more smoke detectors? (That is, people who have already 
installed smoke detectors.) What is the risk of fires in their specific homes? How can 
these people and their risks be measured? How can the risk reduction, when it comes 
to injuries, fatalities, and property be measured, that is, what is the potential effect 
of a smoke detector for different risk groups? To perform a CBA, all these questions 
must be answered in numbers. This means that data either from official statistics or 
from a survey performed for the specific CBA must be available.

Questions that must be answered before doing a CBA for relocation of the fire 
station are: How much will the response times be changed for different rescue cat-
egories? How many rescues are there for each category? How can the risk reduction 
when it comes to injuries, fatalities, and property be measured, that is, what is the 
effect of a changed response time for different rescue categories? To perform a 
CBA, all these questions must be answered in numbers. Here, data from official 
statistics for the fire and rescue services are needed.

2.5  Predict the Impacts Quantitatively Over the Life 
of the Project

Both smoke detectors and the relocation of the fire station have impacts that extend 
over a long time. Changes in the future should be taken into account. If the popula-
tion covered by the local fire and rescue service increases over time, the benefits of 
it will also increase over time. What is the lifespan of the smoke detector? Is it five 
or ten years? That affects the cost per year, since it is only the depreciation that 
should be included in a CBA. And what happens when the battery stops working 
after a year? Will the owner change the battery immediately or forget about it? The 
latter would mean that, over time, fewer and fewer smoke detectors will be working. 
Such predictions for the future are of course hard to make. Often these numbers 
must be established in specific studies, and therefore the task of the CBA researcher 
will be to collect data from previous research on the effectiveness of specific fire 
prevention measures. Examples of such effectiveness numbers are presented in 
Runefors et al. ([35, 36] [and Chapter 14 in this anthology]).

The important thing about effectiveness numbers is that they represent the differ-
ence between the changed condition with the action taken and the expected condi-
tion without the action taken, and not only the changed condition with the action 
taken (see Fig. 13.1). The expected condition without the action taken will depend 
on other factors and is especially relevant when there are multiple fire safety preven-
tion measures taken at the same time or if risks will change over time, for example, 
due to a more elderly population or more immigrants who may be expected to lack 
fire safety knowledge.
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Number of accidents

Time

EFFECT

CHANGED

CONDITION

Expected condition without the action taken 

Changed condition with the action taken

Action taken

Fig. 13.1 Difference between effect and changed condition. (Reference: [10]).

Fig. 13.2 The cost- benefit 
scale

2.6  Monetize All Impacts

Once all effects have been measured in physical units, they have to be monetized to 
be put on the same scale (Fig. 13.2). For things that have market prices, this is quite 
easy. The cost of smoke detectors can, for example, easily be found by comparing 
prices on the internet. A value for the installation time should also be added. If the 
smoke detectors are given out or offered using a local campaign, the labor and other 
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costs of the campaign should also be included. Costs of labor include not only direct 
wages, but also payroll taxes, pension, and health fees.3

The main benefits of smoke detectors are reduced personal injuries, fatalities, 
and property. Values of property losses could be found from insurance companies. 
For monetary values of fatalities and personal injuries, the analyst must rely on 
estimates made by other researchers and most countries have set official so-called 
values of statistical lives, VSL, and statistical injuries. The VSL is a specific value 
for a life in dollars or euros. Most of these official values are used and developed for 
the traffic sector where CBAs have been used widely. One question therefore is 
whether the same values could be used for fire safety. The simple answer is yes (a 
life is a life), but it is not obvious since there are different base risks and people have 
been found to have different preferences for different risk contexts.4

For the relocation problem, the time factor must be monetized to be able to com-
pare the benefits of reduced response time to the construction cost.5

By monetizing all impacts, explicit weights are put on each impact. If the value 
of a statistical life is six times the value of a severe injury, then the weight in the 
CBA on each saved life will be six times higher than for each saved injury.

2.7 & 2.8  Discount Benefits and Costs to Obtain Present 
Values, and Compute the Net Present Value 
of Each Alternative

A project taking place today normally results in benefits for many years in the 
future. Since we have positive interest rates in the world, people in general think that 
the future is worth less and less, and thus should be discounted. The present value 
of the installation of smoke detectors is the discounted value for all social benefits, 
B, and all social costs, C, during the life span of the project. If the life span is 
10 years and the social discount rate to be used is s, then the net present value, NPV, 
could be calculated as

 
NPV =

−

+( )=
∑
t

t t
t
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s0

10

1

 

3 The monetary values are measured by studying how the input market and output market affect 
consumer surplus, producer surplus, effect on environment, effect for government, and other 
changes. For sizable government projects, this is not straightforward to calculate. Thus, just multi-
plying price with quantity often does not give the correct social opportunity cost (see an introduc-
tory textbook on CBA, e.g. [3]).
4 Both Sanderson et al. [38] and Carlsson et al. [6] found that the value of statistical life for fires 
was about 2/3 of the used value for traffic accidents.
5 Mattsson and Juås [27] describe how to value the time factor from an economic perspective for 
all responses by fire and rescue services, while Jaldell [21] concentrates on the relation between 
the time factor and saving lives.
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The problem here is to choose the social discount rate, s. The social discount rate 
deviates from the market interest rate because we are dealing with government proj-
ects. The government may diversify risks easier than the private sector, thus the risk 
is lower and therefore the discount rate should be lower. Most countries have offi-
cially set social discount rates which makes choosing the rate more easily.

If the NPV is positive, the project is said to increase economic efficiency (rela-
tive to the base status quo alternative). Therefore, the decision rule is to choose 
projects with positive net social benefits. If there are more projects, or if we like to 
compare projects between different sectors, the ratio of benefits and costs could be 
compared.
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The benefit-to-cost ratio describes how much each extra invested monetary unit 
gives back in return.6 The greater ratio, the better from an economic point of view.

2.9  Perform Sensitivity Analysis

Most numbers used in a CBA are uncertain in larger or smaller amounts. We cannot 
know the exact effect smoke detectors will have on reduced injuries, fatalities, and 
property losses, neither for a country as a whole nor, especially, for a specific stud-
ied neighborhood. Even if there are official numbers for values of statistical lives, 
statistical injuries, and the social discount rate, our results may be sensitive to the 
choice of these numbers.

A simple sensitivity analysis for smoke detectors could be to check how the 
results change if prices increase by, for example, 25%. Another could be to see what 
size of the percentage impact of the smoke detector on injuries, fatalities, and prop-
erty losses leads to the net benefit being zero. Even if the effect is uncertain, this 
calculated percentage may be so low that it is reasonable to assume that the net 
benefit is mostly positive.

6 Yet another way is to present the results as net benefit ratios. If the net benefit ratio is positive, the 
policy is economically efficient, if negative the policy is not economically efficient.
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2.10  Make a Recommendation

If there is only one alternative policy, the recommendation will be to adopt the 
policy if the net benefit is positive, and not to adopt the policy if the net benefit is 
negative. If there are many policies, the recommendation is to adopt the policy with 
the highest positive net benefit or highest benefit-to-cost ratio.

However, the decision-maker takes the decision, not the CBA analyst. Not all 
effects can be measured and made quantitative, which means that there are things 
left out from the CBA that the decision-maker may regard as important.

3  Some CBA Results: Residential Fires

Some results from CBAs for fire safety measures for residential fires are presented 
here (Table 13.1). The results presented should be seen as examples, so this is not a 
literature review, a systematic review, or a meta-analysis.

In the table, the benefit-to-cost ratios are presented for different alternatives, 
together with the country and the year of the publication of the study. To indicate the 
effect on saving lives, effectiveness figures from Runefors et al. [35] are also shown.7 
However, remember that a CBA should include all benefits, not just saved lives. 
Areas where no CBA has been found have also been noted.

The table shows that there are not many CBA studies done on fire safety mea-
sures, which makes it hard to draw general conclusions about the economic effi-
ciency. (See also Sect. 4.2 about how to think about generalizations from results). 
Smoke detectors seem to be economically efficient, but even such programmes 
might fail from an economic point of view. However, even if the benefit-to-cost ratio 
is below 1, there may be lessons learned from such a study regarding why the spe-
cific programme was not economically efficient. For other measures, the economic 
efficiency seems to depend on the circumstances of the specific programmes. Also, 
note that the studies on portable fire extinguishers show economic efficiency, even 
if it is doubtful that they save lives. The results are thus driven by prevented injuries 
and property damage.

7 Numbers are from Runefors et al., i.e. not the numbers used in the actual CBA study. Only those 
with numbers greater than 10%, or with CBAs found, are listed.

13 Cost-Benefit Analysis of Fire Safety Measures



230

Table 13.1 List of cost-benefit analyses for residential fire safety measures

Category
Safety 
measure Subarea

Effect 
on 
saving 
lives 
[35]

B/C- -
ratio Country

Year 
(publ- 
ished) Reference

Building, etc. Well- 
maintained 
electrical 
systems

14% None 
found

Chimney 
sweeping

4%

Wood – five 
times a year

0.3 Sweden 2004 a

Wood – 
once a year

1.7 Sweden 2004 a

Oil – three 
times a year

0.3 Sweden 2004 a

Oil – once 
every 
second year

1.7 Sweden 2004 a

Emergency 
exits

– None 
found

Products Flame- 
resistant 
clothes

11–
24%

None 
found

Flame- 
resistant 
furniture

15% None 
found

Ignition- 
proof 
cigarettes

40% None 
found

Quit 
smoking

– None 
found

Stove guards 5% 0.1–
0.2

Sweden 2017 b

Fire alarms Smoke 
detectors

37%

General Average 
home

3.0–
7.5

USA 1997 c

Detached 
houses: 
network – 
batteries 
short 
life – long 
life

2.3–
9.2- 
10.0

Sweden 2011 d

(continued)
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Table 13.1 (continued)

Category
Safety 
measure Subarea

Effect 
on 
saving 
lives 
[35]

B/C- -
ratio Country

Year 
(publ- 
ished) Reference

Apartment 
buildings: 
network – 
batteries 
short 
life – long 
life

3.1–
12.5- 
13.3

Sweden 2011 d

Give-away 
programmes

Give-away 
programme

29 Oklahoma, 
USA

2001 e

Give-away 
programme

0.15 Inner London, 
UK

2005 f

Give-away 
and 
installation 
programme

2.1–
2.3

Hypothetic 
representative 
community, 
USA

2012 g

Give-away 
programme

18–
177

Baltimore, 
USA

2014 h

Installation 
programme

3.2 Dallas, USA 2018 i

Fire 
extin-guishers

Portable fire 
extinguisher

~0%

Residential 
houses

2 Norway 1998 j

Households 2.5 Australia 1999 k
Detached 
houses

4.8 Sweden 2011 c

Apartment 
houses

1.4 Sweden 2011 c

Sprinklers Installed 68%
Detached 
houses

0.4 Sweden 2004 a

Apartment 
buildings
Colonial- 
style, 
townhouse, 
ranch-style

2.5–
2.6- 
6.0

USA 2009 l

Care homes 1.2 Wales 2013 m

(continued)
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Category
Safety 
measure Subarea

Effect 
on 
saving 
lives 
[35]

B/C- -
ratio Country

Year 
(publ- 
ished) Reference

Nursing 
homes for 
elderly – 
existing and 
new 
buildings 
(saved lives)

0.7–
1.7

Sweden 2012 n

Nursing 
homes for 
elderly – 
existing and 
new 
buildings
(saved life 
years)

0.3–
1.1

Sweden 2012 n

Portable 30% 
(all)

For elderly 
people (all 
>65 years 
and only 
smokers 
>65 years)

0.3–
2.5

Sweden 2017 b

FRS 
organization 
and 
complementary 
missions

Help from 
private 
security 
companies

– 3.3 Sweden 2018 o

Home visits – 7–10 Sweden 2019 p

References
a. Mattsson [26] updated results from Juås and Mattsson [22]
b. Runefors and Frantzich [37]
c. Miller and Levy [28]
d. Jaldell [19]
e. Haddix et al. [15]
f. Ginnelly et al. [14]
g. Liu et al. [24]
h. Diamond-Smith et al. [9]
i. Yellman et al. [46]
j. Mostue [29]
k. Beever and Britton [2]
l. Butry [5]
m. Fraser-Mitchell and Williams [13]
n. Jaldell [20]
o. Sund and Jaldell [40]
p. Sund et al. [39]
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4  Some Complications in Doing and Using CBAs

4.1  Valuing Non-market Units

The monetary valuations in CBAs should be done using market values, but some 
things do not have a market value.8 Loss of life, health effects, and loss of ecological 
goods are examples of so-called intangible effects that do not have market values. 
How should these values be chosen and is it ethical to set monetary values on lives 
and injuries?

Monetary values on life are used to be calculated using production losses due to 
fatalities. If you were expected to work for 25 additional years, how much would 
you have produced during those years and what is the value of that lost production? 
A simple way to calculate this is your lost wages. Life is however much more than 
just work, so this estimate (called production loss or human capital approach) is a 
very conservative valuation. This value is also zero for people who have retired.

Today, there are two main methods used to establish the values of non-market 
goods and services. One is called revealed preferences and the other is called stated 
preferences. Stated preferences are about asking people directly, while revealed 
preferences are about finding values from observing people’s behavior (indirect 
measure). An example of revealed preferences is how much people pay for smoke 
detectors. Given the risk reduction associated with smoke detectors, it is possible to 
calculate the monetary value for a given reduced risk of fatality.9 Another example 
of revealed preferences valuation is to compare how much higher salaries have to be 
in more risky jobs to attract workers. Stated preference questions are about trying to 
let people value small risk changes (not their lives as a whole). If you think your 
willingness to pay for reducing your risk by 1/100000 is €90, then we can estimate 
your valuation of a statistical life, VSL, to be 100,000*90 = 9,000,000.10 Finding the 
values of injuries could be done in the same way, but it could also be found by 
weighting the VSL with medical weights for different injuries.

Estimates of VSL vary. Recent meta-analyses point toward an average of about 
$10,000,000 in the US [45]. The official values from US agencies are similar [23]. 
The official values of other countries lie lower. For example, the OECD 
recommendation is $3.6 million ($2012), the UK £1 million (£1997), and Sweden 
SEK 40.5 million (SEK2020).11 Viscusi and Masterman argue for the values in other 

8 To be used in a cost-benefit analysis, the market value should reflect the social marginal cost. 
There may be discrepancies between the market price and the social marginal cost due to non-
competitive markets, external effects, or asymmetric information between buyers and sellers. 
However, this problem will not be discussed further here.
9 Dardis [8] used the revealed preferences methods and purchases of smoke detectors for estimat-
ing the willingness to pay for risk reductions.
10 This value is called the value of a statistical life, VSL, in the economic literature, but in other 
literature, it is called the value of a prevented fatality, VPF.
11 OECD [30]; UK: HM Department of Transport [16]; Sweden: Trafikverket [44].
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countries to be calculated using the ratio of the gross domestic product (GDP) of 
each country compared to the GDP of the United States, which would lead to higher 
estimates for VSL in other countries.

The word “statistical” in VSL emphasizes that this is a statistical concept and not 
a number trying to value real persons. We do not, in a planning situation, know who 
will be saved from fires. It can be you, me, or someone else. So setting values on 
lives does not mean that we value specific individuals. That would be impossible. 
We instead value the statistical risk of fatalities. Another objection to setting a mon-
etary value on life is that some say that the value of life is unlimited or infinite. 
However, that is not the way people in general behave. We take risks by driving cars, 
crossing streets with heavy traffic, travelling, or using candlelight, which means that 
people in general do not behave as if the value of life is infinite.

One advantage of setting an explicit monetary value on life is that the number 
can be criticized and discussed. Another thing to remember is that there is always an 
implicit value set in public safety projects. Say that the local government thinks it is 
too expensive to spend €5,000,000 on sprinkler systems in nursing homes, which 
they believe would save two persons from dying. This means that the local govern-
ment has, implicitly, assumed that the monetary value of life is lower than 
€2,500,000.

Some argue that monetary value of life years, VSLY, should be used instead of 
VSL. A related question is whether different values should be used for different 
ages, for example children versus elderly, since using VSLY instead of VSL implies 
that children are weighted higher than the old people. Using different values hinges 
on the fact that the safety measure in question can be limited to one group or another.

For example, when evaluating sprinklers in nursing homes in Sweden, the 
benefit- to-cost ratio for installation in new buildings was reduced from 1.7 to 1.1 
using VSLYs instead of VSLs [19]. People’s valuation of a risk reduction can also 
depend on other factors such as the baseline risk, income, controllability, and psy-
chological factors such as fear or dreadfulness.

The difficulties in monetarizing values of lives and other problems in defining, 
measuring, and monetarizing relevant aspects of welfare (see e.g [41]) have led 
some researchers to leave the standardized methods of CBA (e.g [17]). The problem 
with doing that is that the results become hard to understand and are incomparable 
to other CBA studies.

4.2  Generalizations and Benefit-Transfers

Could the result from one CBA study be generalized outside the object of the study? 
I would say that it depends on several things. The study is done taking specific base-
line risks into account, assuming specific effects and using specific values. This 
means that it seems reasonable to generalize to similar risk-specific areas, where the 
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effect of the fire safety device would be similar and where people’s valuation of 
safety is similar. To be able to generalize to other areas, it might be a good idea to 
present the results in units such as per flat or per detached house.

If the study is done on a general country level, it could be used within this coun-
try. On the other hand, if the study is done on a specific area, it is not certain that the 
results could be generalized if this specific area diverges when it comes to risk and 
risk behavior from the area where you want to use the results. Considering monetary 
values, benefits are valued the same and things cost about the same within a country, 
but the prices could be different when crossing borders. The monetary value of a 
statistical life differs, sometimes considerably, between countries.

A similar problem arises if you would like to perform your own CBA study of 
fire safety. Normally, you cannot find all the required values on your own, so you 
need to use already estimated values. Using already estimated values for impacts is 
called benefit-transfer. Could, for example, values based on US research be used in 
European studies? Boardman et al. [3] point out four specific sets of factors to take 
into account: (1) differences in income and other socioeconomic factors, (2) differ-
ences in physical surroundings (e.g. different risk contexts), (3) differences in the 
projects themselves, and (4) the fact that things change over time. Results from a 
CBA study on smoke detectors in general in a country are perhaps not relevant to 
use for a specific risk group (e.g. elderly people or smokers), neither in that country 
nor in other countries. A study done for detached houses is perhaps not relevant for 
a block of flats. A study on giving smoke detectors away for free is not relevant for 
an information campaign. If people buy the smoke detectors themselves, the incen-
tive may be higher for also installing them (correctly) and buying new batteries (and 
changing them) after a year or two. The effect of smoke detectors 10–20 years ago 
may be different from today, due both to better technology and to changed aware-
ness of how to behave when the alarm sounds.

To be specific, could the benefit-to-cost ratio for smoke detectors in Sweden of 
10.0 be generalized to all detached houses in Sweden, in Scandinavia, in Europe, in 
the western world, in the world? For Sweden I would say yes, because the purpose 
of the study was to receive a general ratio for Sweden. Of course, there may be very 
large or small houses, or houses in very risky or non-risky regions, or houses using 
different heating systems that may lead to different conclusions. However, the ratio 
10 is well above the limit of 1 and therefore the result that smoke detectors are eco-
nomically efficient will generally hold. The prices and costs are about the same all 
over Sweden and the same value of statistical life is used within a country. Comparing 
the Scandinavian countries, I would say that the risk levels and the sizes of the 
detached houses are quite similar. The problem may be that prices and costs are 
quite different between the countries. Another problem is that the value of statistical 
life also varies between the countries, and as discussed above, there seems to be a 
correlation between the VSL and the income level, but again, since the ratio is 10 to 
1 I would say that the result of the study indicates that smoke detectors are economi-
cally efficient all over Scandinavia. However, I would hesitate to generalize further 
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to other countries, since houses, risk levels and behaviors, prices, costs, and the 
value (and thus preferences) of statistical lives may differ too much. An additional 
problem is whether the results from a 10-year-old study can still be used. Both 
effects and costs change over time.

4.3  CBAs Are Non-budget Calculations

The numbers and values used in a cost-benefit analysis are calculated for the soci-
ety as a whole including the welfare of everyone in that society. They are not for a 
specific agency or a local or national government. A CBA that results in benefits 
outweighing costs does not mean that managing such a public project will lead to 
more revenues or a better economic result for the agencies involved. This is true 
even if there are positive net benefits that are directly connected to a specific 
agency. The budget effects for the agency could even be the other way around. If 
smoke detectors are shown to have positive net benefits in a CBA, this may allow 
the fire and rescue service to save resources and money since there will be fewer 
and less damaging fires to suppress. However, the major benefits are for people 
involved and for the health sector having to take care of fewer injuries. It may even 
be the case that the decision-makers think it is a good idea that the fire and rescue 
service put more (expensive) emphasis on fire prevention by informing about 
smoke detectors and perhaps even installing them for free. A relocation of the fire 
station is most surely more expensive and thus leads to negative budget effects for 
many years. The positive effect of saving more people will not directly affect the 
local government’s budget. It will instead directly affect the people living in the 
community, the insurance companies, the health sector, and so on, which all make 
up a local society.

4.4  CBAs Evaluate Marginal Increases in Fire Safety, Not 
Perfect Fire Safety

Economic theory mostly deals with marginal – that is, small – changes and tries to 
evaluate whether or not marginal benefits outweigh marginal costs. Installing one 
additional smoke detector is an example of a small additional change. In Fig 13.3, 
we have a theoretical marginal cost curve of reducing fire fatalities to zero starting 
from today’s numbers (that is going from right to left). The marginal benefit curve 
is horizontal implying that each saved life has the same value. According to eco-
nomic theory, we should continue saving lives from fires as long as marginal bene-
fits are greater than marginal costs, that is to the point where they are equal. Moving 
further to the left from this point is not economically efficient. In other words, then 
we could do better things with our resources. For example, we could use them to 
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Fig. 13.3 Marginal cost, MC, and marginal benefit, MB, of safety measures

save lives in cheaper ways from other safety projects.12 When doing a CBA, only 
marginal changes along short stretches of the curves are evaluated, not all points on 
the curves.

It is reasonable to assume that the marginal cost curve gets steeper and steeper 
the further we move to the left. The additional cost for saving each life becomes 
greater and greater. Some argue that eventually, if you invest too much in fire safety 
the effect will even be negative, since money invested in fire safety leads to less 
money left for people, which may in turn lead to people investing even less in fire 
safety [1, 4].

“Vision Zero” is the long-term goal that no one should die or become seriously 
injured in fires discussed by Andersson (Chapter 15 this anthology). How does the 
cost- benefit analysis compare to “Vision Zero”? The simple answer is that the eco-
nomic policy of only performing public projects where the benefits outweigh the 
costs is a completely different view compared to “Vision Zero.” In “Vision Zero” no 
costs are mentioned and only personal benefits are interesting. In contrast, in a 
CBA, all benefits, not only reduced fatalities and injuries, should be included. The 
monetary valuation puts weights on the different benefits and makes it possible to 
compare the benefit-to-cost ratios across all sectors, not only fires and not only 
safety (see e.g [11]).

12 Another problem with not using marginal valuation is that there may be economies of scale, 
which means that average costs are decreasing. This has for example been considered by Parmer 
et al. [31] when it comes to giving out smoke detectors.
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4.5  Difference from Other Economic Evaluation Methods

There are other economic evaluation methods. The one closest to the cost-benefit 
analysis is the cost-effectiveness analysis, CEA.13 In a CEA only one benefit is con-
sidered at a time. For residential fires, this is normally saved lives or saved life 
years. The costs are calculated in the same way as in a CBA. The implication is that 
different fire safety devices could be compared in terms of their cost efficiency. The 
cheaper a life year could be saved, the better the fire safety measure. The advantage 
of CEA is that monetary values of lives or life years do not have to be set and used. 
The drawback is that the result of the study does not imply economic efficiency. 
Since only one benefit is used, most often saved lives, and other benefits are disre-
garded (reduced injuries and property losses), the result of a CEA does not show 
whether benefits outweigh costs, and thus we cannot from the result establish 
whether the welfare of society increases or decreases by implementing the fire 
safety measure in question.14 Examples of surveys including these values are given 
by Tengs et al. ([42]; fourteen fire-related studies out of 587) and Ramsberg and 
Sjöberg ([33]; seven fire-related studies out of 165).15

4.6  For the Sceptical Reader

When two things are compared, one sometimes hears the expression “But you can-
not compare apples and oranges!” The saying means that two things are so different 
that they cannot be compared. Cost-benefit analysis is a method taking this problem 
into account. Since all benefits and all costs are measured in the same units, money, 
everything can be compared.16

However, CBA is no panacea for decisions to increase fire safety. The results do 
not show the absolute truth, but rather possible directions. However, when perform-
ing a CBA, a structural listing of all resources used in the project and the conse-
quences from it must be completed. Moreover, using results from CBAs also makes 

13 Cost-of-illness, COI, is another method trying to estimate the size of a problem using monetary 
values. However, a COI does not give information about what to do about the problem, just about 
the total cost of the problem. This means that numbers from COI cannot be used in economic 
evaluations since economic evaluations rely on marginal changes. It is seldom relevant to totally 
eliminate a problem. Currie et al. [7] and Rice [34] debate the pros and cons of COI.
14 A variant of the CEA is the cost-utility analysis, CUA, that measures the benefits using quality 
adjusted life years, QALYs. QALY weigh life years with health quality. The health quality index 
goes from 0 to 1, where 0 is death and 1 is a perfect healthy functional life.
15 I have chosen to include only the CEAs in Table 13.1 that have weighted saved lives with the 
value of statistical life. Again, also notice that portable fire extinguishers were found to be eco-
nomically efficient even if the effect on saving lives is about zero.
16 Miller and Levy [28] evaluate smoke detectors from an economic efficiency perspective, but it is 
also a good short and pedagogical example of how to perform an economic analysis.
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it natural not to forget about costs. If you are sceptical of the CBA study in question, 
try to ask the following questions about the analysis (from Ref. [43]):

 (i) Is the project clearly specified?
 (ii) Does the design of the project used in the calculations correspond to the proj-

ect that is actually planned?
 (iii) Are the assumptions based on realistic forecasts and do they seem reasonable?
 (iv) Have all important conditions and risks been taken into account?
 (v) Have the effects been evaluated according to an accepted method?
 (vi) Have all effects been treated – even those that could not be valued?
 (vii) Have sensitivity analyses been performed?
 (viii) What other decision basis does the decision-maker have access to?

5  Conclusions

Finding effective measures to increase fire safety is a necessity, but not a sufficient 
condition. The measure in question must also be economically efficient, which 
means that the benefits must outweigh the costs. Cost-benefit analysis is a method 
which makes it possible to evaluate if that is true or not. Not taking costs into 
account when evaluating different fire safety measures may lead to not making 
rational decisions on which measures to use.

The CBA analyst should follow the standardized way as for example formulated 
in textbooks in general (e.g [3]) and by Farrow and Viscusi [12], for safety projects. 
If the analyst openly shows the values used and calculations done, the results will be 
easy to comprehend and possible to criticize and correct if needed.

Considering two surveys of CBAs for accident-related measures, there were only 
very few fire safety-related studies included, four [32] and three [25], respectively. 
The results from CBAs presented in this chapter also do not make up a particularly 
long list. So there is room for more CBA studies evaluating fire safety measures to 
be undertaken.
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Chapter 14
Sociodemographic Patterns 
in the Effectiveness and Prevalence 
of Preventive Measures

Marcus Runefors

Abstract The sociodemographic gradients in the exposure to fatal fires are well 
known in the literature. However, less is known about the gradients for preventive 
measures, including their respective prevalence and effectiveness. This chapter 
partly fills this gap with an analysis based on data from both 1856 fire fatalities in 
Sweden between 1999 and 2018 and a national survey performed in Sweden in 
2018. This implies that the results are specific for Sweden, but there is reason to 
believe that the situation is similar in most other western countries.

The results indicate, for example, that the effectiveness of smoke alarms 
decreases with age, especially for smokers, and therefore, additional measures are 
needed for these groups. Examples of effective additional measures are detector- 
activated sprinkler systems, fire-resistant clothing and safe cigarettes (e.g. 
e-cigarettes).

Concerning the prevalence of preventive measures, the result shows that non- 
Europeans living in Sweden have a much lower level of fire protection. Also, for 
example, low income, being divorced and living in a rented apartment are all linked 
to a lower protection level. Younger individuals tend to own smoke alarms to the 
same extent as older individuals, but they tend not to test them, which give room for 
improvement. Younger people, however, own extinguishers and fire blankets to a 
larger extent than older people, but homeownership was the strongest determinant 
for ownership of extinguishers.
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1  Introduction

In Sect. 1 of this anthology, the strong sociodemographic gradients in the exposure 
to the risk of fatal fires were presented and this serves as a fundamental basis for the 
design and implementation of a fire safety strategy. However, to link the exposure to 
a strategy, information about the tools available and their respective effectiveness is 
needed. This information can be used both to determine how the risk-level of spe-
cific individuals and groups can be reduced and to assess who would benefit most 
from a specific measure. Those concepts are fundamentally different since a slight 
reduction in the risk of high-risk groups can decrease the societal risk more than a 
large reduction for low-risk groups. As such, this information can be used both for 
targeted interventions (see Chap. 17) and cost-benefit analysis (see Chap. 13) for the 
entire population as well as for different population groups.

Another important aspect to acknowledge when interventions are not targeting 
specific individuals, but rather broad population groups in, for example, the form of 
campaigns or legislation are the patterns where specific preventive measures are 
already implemented. For example, a smoke alarm campaign targeting high-income 
families owning their home is likely to have limited impact since the coverage, as is 
presented later in this chapter, in this group is almost 100%, at least in Sweden. A 
smoke alarm campaign targeting low-income divorced non-European immigrants in 
rental homes in Sweden has a much larger potential since fewer in this group have 
a smoke alarm. This is further reinforced by that most of those factors are also 
linked to higher exposure to the risk of fatal fires.

This chapter aims to answer three questions:

 1. What measures are effective for different population groups?
 2. Where will the installation of a specific measure provide the largest benefit?
 3. Who currently owns different fire preventive measures?

All results are based on Swedish data, but there is reason to believe that the 
results would be similar also for most other western countries (see Sect. 4).

2  Effectiveness of Different Measures

In a previous study [1], a dataset with 1856 fire fatalities in Sweden in the period 
from 1999 to 2018 has been analysed to derive factors (e.g. cause of the fire, type of 
building, alcohol, etc.) that influence the effectiveness of different preventive mea-
sures. The data in the analysis is a combination of data from the fatal fires database 
maintained by the Swedish Civil Contingencies Agency and the database “Rättsbase” 
maintained by the National Board of Forensic medicine. The former is based on 
reports from the fire service and police, while the latter is based on autopsy data. For 
details about the data, see the cited paper. The methodology to derive if a specific 
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measure would have been effective in preventing a specific fatal fire was developed 
and validated in a previous paper [2].

In this chapter, the same data is presented, but instead of presenting factors that 
influence the effectiveness, the absolute effectiveness for different groups is pre-
sented. It should be acknowledged that the effectiveness can be expected to vary 
within each group, but it is still judged to be useful to have group average values 
rather than population average, which is the alternative when designing 
prevention strategies.

First, the effectiveness for different age groups is presented in Table 14.1. The 
division into age groups is based primarily on the widely adopted MeSH age groups 
[3], but age groups from newborn to adolescent (i.e. from 0–19 years) are merged 
due to few fatalities among children in Sweden [4] and therefore a lack of data. The 
MeSH division has been found to be a good proxy for changes in health and disease 
over the life span [5] and can therefore be expected to also be a reasonable division 
for the effectiveness of different measures.

The effectiveness is defined as the fraction of current fatalities that could have 
been prevented if everyone would have had that specific measure installed and func-
tional. The fractions in Table 14.1 are the fraction of cases where it would have been 
effective among the cases where the effectiveness is known. This assumes that cases 
where it has not been possible to analyse the effectiveness of a measure (for exam-
ple, due to missing data) are similar to cases where it has been possible. This is not 
necessarily true since cases with missing data have been found to differ on a number 
of variables compared to cases without missing data [6], but correcting for this has 
not been possible in the current study.

Table 14.1 Effectiveness of preventive measures for different age groups and relative risk (RR)

Age

All 0–19 years
20–
44 years

45–
64 years

65–
79 years

80+ 
years

n = 1856 n = 70 n = 240 n = 573 n = 534 n = 439
RR 1 (ref) 0.16 0.40 1.19 2.31 4.44

Measure
Safe electrical 
system

10% 31% 9% 8% 8% 12%

Safe cigarettes 42% 0% 19% 49% 55% 39%
Fire-resistant 
bedding

17% 3% 10% 21% 21% 16%

Fire-resistant sofas 11% 7% 11% 15% 14% 5%
Fire-resistant clothes 10% 7% 2% 3% 11% 24%
Stove guards 7% 5% 11% 8% 7% 4%
Sprinklers 82% 95% 89% 79% 77% 86%
Detector sprinklers 59% 59% 56% 58% 59% 63%
Smoke alarm 42% 42% 44% 52% 42% 31%
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Interestingly, while a previous study found that the effectiveness of a sprinkler 
system continuously decreases with age [2], this study indicates a slight increase for 
the oldest age group. The difference between the publications is probably due to a 
small data set in the previous study, resulting in few cases in the oldest group (85+ 
years in that study). This slight increase in the effectiveness for the oldest group in 
this study is coherent with the decrease in effectiveness for safe cigarettes1 for this 
group since smoking-related fires tend to ignite objects in the direct proximity to the 
victim for which the sprinkler system has been found to be non-effective [7].

The relative decrease in the number of smoking-related fires for this group might 
be due to an increase in exposure to other types of fires due to functional limitations 
(see Chap. 5). This is coherent with the increase in the effectiveness of a safe electri-
cal system which also previously has been found to be a major risk factor for this 
group [2], but where the victim is further away from the fire, and therefore the 
sprinkler system generally has the potential to prevent the fatality.

It has previously been shown [2] that the effectiveness of different measures is 
very different between smokers and non-smokers. Therefore, the effectiveness for 
smokers and non-smokers for the three oldest age groups (where the number of 
smoking-related fires is substantial) is presented in the table below, both separate 
for each age group and for the three age groups combined. The Relative Risk (RR), 
which is the risk for one group compared to the population average, is also presented.

In line with the previous discussion, sprinkler systems are very effective for non- 
smokers, but have lower effectiveness for smokers. It can also be found that fire- 
resistant clothes are very effective for smokers in the oldest group, while fire-resistant 
sofas (and to some extent bedding) are more effective for younger smokers. Stove 
guards are less effective for the oldest group, even among non-smokers, compared 
to the second oldest group.

For smokers, safe cigarettes are very effective, indicating that fires related to 
smoking dominate other potential sources of fire. It can also be found that the pres-
ence of smoking is a stronger determinant of risk level than is age, but it is when 
those factors combine, the risk level can become very large (up to 22.1 times the 
general public for smokers who are 80 years or older).

This chapter has provided information in relation to a limited set of variables (i.e. 
age and smoking) which are judged sufficient for most practical situations. For 
more information about the influence of other sociodemographic factors (e.g. living 
conditions, type and size of municipality and alcohol consumption), the reader is 
referred to [1].

1 Note that safe cigarette is not the same as RIP-cigarette which has been found to be not effective 
(see Chap. 10), but rather, for example, e-cigarette, changing to safer smoking habits or even stop 
smoking entirely.
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Table 14.2 Effectiveness of preventive measures for smokers and non-smokers and relative 
risk (RR)

Age All (45+ years) 45–64 years 65–79 years 80+ years
Smoker Yes No Yes No Yes No Yes No
RR 4.03 0.69 2.73 0.83 7.95 1.43 22.1 3.3

Measure
Safe electrical system 2% 16% 3% 13% 2% 15% 2% 19%
Safe cigarettes 87% 0% 84% 0% 88% 0% 92% 0%
Fire-resistant bedding 32% 7% 36% 5% 33% 6% 25% 10%
Fire-resistant sofas 19% 5% 24% 5% 20% 6% 9% 3%
Fire-resistant clothes 17% 6% 5% 0% 17% 4% 39% 14%
Stove guards 2% 10% 3% 12% 2% 12% 1% 6%
Sprinklers 65% 94% 67% 91% 62% 94% 65% 97%
Detector sprinklers 76% 46% 78% 40% 75% 42% 74% 57%
Smoke alarm 46% 40% 63% 43% 43% 40% 21% 37%

3  Benefit from the Installation of Different Measures

While Tables 14.1 and 14.2 provide information about which measure has the high-
est potential to reduce the risk of a fire fatality for a specific group, this is not neces-
sarily the same as where a specific preventive measure would provide the greatest 
absolute risk reduction in society. This is because it might result in more lives saved 
to reduce the risk of a high-risk group by a small percentage, compared to reduce 
the risk of a low-risk group with a higher percentage. Therefore, a complementary 
measure is needed, which also account for the risk level, and that has been labelled 
the “Benefit Proxy” [2]. The benefit proxy is a measure of the number of lives saved 
every year per million people protected by the specific measure under the assump-
tion that it is perfectly reliable. For a cost-benefit analysis (see Chap. 13), the actual 
level of reliability should be taken into account, but when comparing the benefit 
between groups, this factor is cancelled. In mathematical terms, the benefit proxy is 
the effectiveness of the measure, presented in the tables above, multiplied by the 
individual risk. The measure can be used in a cost-benefit analysis using the equa-
tion below.
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In the equation, BCA,B is the benefit-cost quota which should be above one for the 
measure to be cost-effective. The variable BPA,B is the benefit proxy for group A and 
measure B, presented in the tables below. RB is the reliability of measure B, and V is 
the value of statistical life (see for example [8]). CB is the cost of installation per 
individual protected, i is the interest rate, and T is the expected lifetime of the 
installed measure.
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Table 14.3 Benefit for installation of preventive measures for different age groups. The unit of the 
benefit is lives per year saved per 1 M protected by the measure

Age

All 0–19 years
20–
44 years

45–
64 years

65–
79 years

80+ 
years

n = 1856 n = 70 n = 240 n = 573 n = 534 n = 439
RR 1 (ref) 0.16 0.40 1.19 2.31 4.44

Measure
Safe electrical 
system

1.1 0.5 0.4 1.0 2.0 6.1

Safe cigarettes 4.7 0.0 0.8 6.5 14.2 19.2
Fire-resistant 
bedding

1.9 0.1 0.4 2.7 5.4 7.7

Fire-resistant sofas 1.2 0.1 0.5 2.0 3.6 2.6
Fire-resistant clothes 1.1 0.1 0.1 0.4 2.9 11.8
Stove guards 0.8 0.1 0.5 1.0 1.7 1.8
Sprinklers 9.1 1.7 3.9 10.5 19.8 42.4
Detector sprinklers 6.6 1.1 2.4 7.7 15.3 31.2
Smoke alarm 4.7 0.7 1.9 7.0 10.8 15.2

Table 14.4 Benefit for installation of preventive measures for smokers and non-smokers. The unit 
of the benefit is lives per year saved per 1 M protected by the measure

Age All (45+ years) 45–64 years 65–79 years 80+ years
Smoker Yes No Yes No Yes No Yes No
RR 4.03 0.69 2.73 0.83 7.95 1.43 22.1 3.3

Measure
Safe cigarettes 47.9 0.0 25.6 0.0 77.9 0.0 227.3 0.0
Fire-resistant bedding 17.8 1.0 11.1 0.4 28.9 0.9 61.2 3.6
Fire-resistant sofas 10.5 0.7 7.4 0.5 17.5 1.0 22.3 1.0
Fire-resistant clothes 9.1 0.9 1.5 0.0 14.7 0.6 95.8 5.2
Sprinklers 35.4 14.1 20.5 8.5 54.8 15.0 160.2 35.8
Detector sprinklers 41.6 6.9 23.7 3.7 66.6 6.7 183.0 20.9
Smoke alarm 25.3 6.0 19.2 4.0 38.4 6.3 50.7 13.7

The result per age groups is presented in the table below (Table 14.3).
It can be seen that most measures have a steadily growing benefit with increasing 

age. The only two exceptions are stove guards and fire-resistant sofas, which have a 
decreasing benefit between the second oldest groups and the oldest group. 
Interestingly, even if the effectiveness of smoke alarms decreases for the oldest 
group compared to the second oldest, the benefit per installation increases, which 
illustrates the need for those complementary measures.

As for the effectiveness, the benefit proxy is divided for smokers and non- 
smokers below. Only measures that are, to some extent, are related to smoking are 
presented. For other measures (electrical system and stove guards), the benefit per 
installation can be expected to be the same for both smokers and non-smokers since 
they are equally exposed to that risk (Table 14.4).
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For smoking individuals, some very large benefits per installation can be found, 
which illustrates the importance of targeted interventions towards this group (see 
Chap. 17). Cigarettes, sprinklers and detector-activated sprinklers give the highest 
benefit, but the benefit of safe clothes is also very high – especially accounting for 
the much smaller investment.

4  Sociodemographic Patterns in Current Level 
of Residential Fire Protection

As previously described, the sociodemographic patterns of fatal fires are well known 
in the literature. The most widely cited is probably age, where high age is related to 
increased risk exposure, but also low income, rented apartments and low education 
have been found to be correlated with an increased risk of fire fatality [9]. However, 
to design interventions, it is also relevant to identify factors linked to a lower level 
of fire protection since this indicates where there is room for improvement.

There are some studies on the sociodemographic patterns of smoke alarm preva-
lence, which show that, for example, the factors below are linked to increased 
ownership.

• High income [10–12].
• Homeownership [10, 11].
• Single-family homes [12].
• Employment [12].
• Central heating [10].
• Speaking the national language [11].
• Having children at home [11, 12].

No studies investigating the ownership of other fire prevention measures (e.g. fire 
extinguisher, stove guard) have been identified in the literature.

In this chapter, the results of a Swedish national survey performed by Statistics 
Sweden (SCB) on behalf of the Swedish Civil Contingencies Agency (MSB) in 
2018 have been investigated. The survey was distributed to 43,600 individuals 
between 18 and 79  years, among which 18,466 responded (42%). The survey 
included a few sociodemographic variables such as marital status and type of house. 
Also, more variables of this type (income, age, gender and education level) were 
further matched from other databases based on the survey identification number.

The survey included a range of different questions relating to safety, and among 
those questions, there were questions about smoke alarm (ownership, functionality 
and testing) as well as ownership of fire blankets and fire extinguishers. In the tables 
below, the sociodemographic patterns in fire safety measure prevalence are pre-
sented as odds ratios (ORs) based on logistic regression. An odds ratio below unity 
implies that the presence of that factor decreases the prevalence of that safety mea-
sure (keeping all other included factors constant).

As presented in Table 14.5, country of origin is a strong predictor of smoke alarm 
ownership in Sweden. Individuals from non-European countries, despite 

14 Sociodemographic Patterns in the Effectiveness and Prevalence of Preventive…



250

Table 14.5 The influence of sociodemographic patterns on smoke alarm ownership, functionality 
and testing presented as odds-ratio (OR) with 95% confidence interval. Bold factors are statistically 
significant (p < 0.05)

Variable Value
Smoke alarm 
ownership

Smoke alarm 
functionality

Smoke alarm 
testing

Gender Female 1 (reference) 1 (reference) 1 (reference)
Male 0.77 (0.65–0.92) 0.81 (0.7–0.94) 1.18 

(1.07–1.31)
Age group 18–29 years 1.07 (0.78–1.46) 0.91 (0.69–1.21) 0.46 

(0.38–0.55)
20–49 years 1.00 (0.77–1.3) 0.96 (0.75–1.21) 0.73 

(0.63–0.85)
50–64 years 1 (reference) 1 (reference) 1 (reference)
65–79 years 1.03 (0.82–1.3) 0.99 (0.81–1.21) 1.13 (0.99–1.3)

Marital status Unmarried 0.71 (0.55–0.90) 0.83 (0.67–1.04) 0.86 
(0.75–0.99)

Married 1 (reference) 1 (reference) 1 (reference)
Divorced 0.64 (0.5–0.84) 0.71 (0.56–0.9) 0.84 

(0.71–0.99)
Widowed 0.85 (0.56–1.27) 0.97 (0.67–1.4) 0.72 

(0.56–0.93)
Income group 
(quintiles)

0–19% 0.74 (0.58–0.94) 0.75 (0.6–0.94) 0.81 (0.7–0.95)
20–39% 0.99 (0.77–1.28) 0.94 (0.75–1.18) 0.9 (0.77–1.05)
40–59% 1 (reference) 1 (reference) 1 (reference)
60–79% 1.52 (1.13–2.04) 1.44 (1.11–1.87) 0.88 

(0.75–1.03)
80–100% 1.56 (1.15–2.13) 1.33 (1.02–1.73) 0.89 

(0.76–1.05)
Education Compulsory 0.84 (0.68–1.04) 0.84 (0.69–1.02) 1.09 

(0.94–1.27)
High-school 1 (reference) 1 (reference) 1 (reference)
University 1.15 (0.95–1.4) 1.09 (0.92–1.29) 0.83 

(0.75–0.92)
Household type With children 1.01 (0.78–1.32) 1.07 (0.84–1.37) 1.02 

(0.88–1.17)
With only adults 1 (reference) 1 (reference) 1 (reference)
Living alone 0.48 (0.38–0.59) 0.48 (0.39–0.58) 0.79 

(0.69–0.91)
Country of origin Sweden 1 (reference) 1 (reference) 1 (reference)

Other Nordic 0.78 (0.5–1.23) 0.92 (0.6–1.41) 1.08 
(0.79–1.47)

Other European 0.41 (0.3–0.57) 0.48 (0.35–0.65) 0.67 
(0.53–0.83)

Non-European 0.16 (0.13–0.21) 0.19 (0.15–0.24) 0.48 (0.39–0.6)

(continued)
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Table 14.5 (continued)

Variable Value
Smoke alarm 
ownership

Smoke alarm 
functionality

Smoke alarm 
testing

House type Single-family 
house

2.06 (1.63–2.6) 2.1 (1.71–2.57) 1.58 
(1.37–1.81)

Owned 
apartment

1 (reference) 1 (reference) 1 (reference)

Rented 
apartment

0.98 (0.78–1.23) 0.97 (0.79–1.19) 0.8 (0.69–0.94)

Other 1.08 (0.67–1.75) 1.2 (0.78–1.85) 1.9 (1.33–2.72)
n = 17,596 n = 16,881 n = 16,569

constituting only 4% of the respondents, account for 22% of the individuals without 
smoke alarm. This is particularly interesting given that people from non-European 
countries living in Sweden have a significantly lower risk of dying in fires [9].

Smoke alarm ownership and reported functionality are similar for all age groups, 
but the youngest group, to a large extent, reports that they never test their alarm. 
Therefore, it is important to continue to stress the importance of smoke alarm test-
ing for this group.

Further, the results appear to be concurrent with previous research in that high 
income and living in single-family houses increase the prevalence of smoke alarms. 
However, no influence of having children at home was found, but living alone 
(which is also a risk factor for fire fatality [13]) was found to be associated with a 
lower prevalence of smoke alarms and the same was found for divorced and unmar-
ried individuals.

In the table below, the influence of the same factors on the ownership of suppres-
sion equipment (i.e. fire blanket and fire extinguisher) is presented (Table 14.6).

The results revealed similar patterns as for smoke alarms with low income, living 
alone and originating in a non-European country as important factors. However, 
living in a single-family house has a much larger influence on extinguisher owner-
ship than on smoke alarms. Also, there seems to be an age-based gradient where 
younger people seem to have more of both fire extinguishers and fire blankets.

5  Limitations

As stated above, all the results in this chapter are based exclusively on Swedish data, 
and therefore, the applicability of the results to other countries needs to be dis-
cussed. Even if this is difficult to prove, there is reason to believe that the situation 
is similar in most western countries. One reason is that the same risk factors appear 
to be found across countries (see Chap. 2), but also that the studies on the effective-
ness of different measures in the literature appear to give similar results regardless 
of the country [14].
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Table 14.6 The influence of sociodemographic patterns on ownership of fire extinguishers and 
fire blankets presented as odds ratio (OR) with 95% confidence interval. Bold factors are 
statistically significant (p < 0.05)

Variable Value Extinguisher Fire blanket

Gender Female 1 (reference) 1 (reference)
Male 1.05 (0.97–1.15) 0.86 (0.81–0.92)

Age group 18–29 yrs 1.17 (1–1.38) 1.22 (1.06–1.4)
20–49 yrs 1.19 (1.04–1.36) 1.26 (1.14–1.4)
50–64 yrs 1 (reference) 1 (reference)
65–79 yrs 0.85 (0.77–0.95) 0.98 (0.9–1.07)

Marital status Unmarried 0.74 (0.66–0.83) 0.76 (0.7–0.84)
Married 1 (reference) 1 (reference)
Divorced 0.78 (0.68–0.89) 0.81 (0.73–0.9)
Widowed 0.83 (0.68–1.02) 0.94 (0.79–1.12)

Income group (quintiles) 0–19% 0.78 (0.68–0.88) 0.81 (0.73–0.9)
20–39% 0.91 (0.8–1.03) 0.84 (0.76–0.92)
40–59% 1 (reference) 1 (reference)
60–79% 1.04 (0.91–1.18) 1.02 (0.93–1.12)
80–100% 1.18 (1.03–1.35) 1.18 (1.06–1.3)

Education Compulsory 1.02 (0.91–1.15) 0.9 (0.82–0.99)
High-school 1 (reference) 1 (reference)
University 0.98 (0.9–1.07) 1.14 (1.06–1.22)

Household type With children 0.95 (0.84–1.08) 1.3 (1.18–1.43)
With only adults 1 (reference) 1 (reference)
Living alone 0.67 (0.6–0.75) 0.77 (0.69–0.85)

Country of origin Sweden 1 (reference) 1 (reference)
Other Nordic 0.76 (0.61–0.95) 0.76 (0.63–0.92)
Other European 0.53 (0.44–0.64) 0.48 (0.4–0.57)
Non-European 0.35 (0.29–0.42) 0.33 (0.27–0.4)

House type Single-family house 5.03 (4.52–5.59) 1.57 (1.43–1.74)
Owned apartment 1 (reference) 1 (reference)
Rented apartment 0.61 (0.54–0.68) 0.87 (0.78–0.99)
Other 6.23 (4.57–8.48) 1.49 (1.21–1.83)

n = 17,560 n = 17,560

This implies that a reasonable hypothesis is that the results in this chapter can be 
applied also to other western countries, but it is strongly recommended to challenge 
this hypothesis by performing a similar analysis also in other countries. Awaiting 
such studies, however, it is recommended to base strategies on the results presented 
in this chapter in the absence of indications that they should not be applicable.

A second important discussion is the difference between a causal and non-causal 
risk factor which has been thoroughly discussed in Chap. 2. There is no reason to 
believe that there is a causal relationship between most of the factors mentioned in 
this chapter and the effectiveness or ownership of preventive measures. Instead, the 
factors are indicators of effectiveness and ownership. However, the purpose of the 

M. Runefors



253

results presented is not to modify the factors but rather to use them to identify where 
specific preventive measures can be expected to be effective and/or present.

Finally, the large variations between individuals within each group should also 
be acknowledged. There are, of course, many older adults in good health and many 
divorced individuals without the specific causal risk factors present. However, on 
average, some measures are more effective in some groups compared to within 
other groups. Therefore, the results in this chapter should not be seen as a universal 
blueprint of prevention for a specific individual, but as a good starting point for 
individualized prevention. It is also judged to be very useful for designing strategies 
on a more generic level, for example, selecting communication channels for smoke 
alarm campaigns.

6  Conclusions

This chapter has been based on three questions for which an answer is attempted 
below, based on the data presented in this chapter. It should, however, be noted that 
the numbers are based on Swedish data.

6.1  What Measures Are Effective for Different 
Population Groups?

For most groups, smoke alarms are very effective in reducing the risk of a fatal fire – 
especially given the limited investment. However, for high-risk groups such as older 
people in general and specifically older smokers, a smoke alarm will generally not 
be enough. This conclusion is based on both the reduction of smoke alarm effective-
ness, from 42% for the general public to 31% for people at 80 years or above and 
21% for smokers in that group, and the steep increase in the risk level for those 
groups. The risk level for a smoker of age 80 or above is more than 22 times that of 
the general public.

A range of different options exists for additional interventions towards this 
group. For smokers, an intervention to reduce the hazard of the smoking material is 
very appealing, which makes the limited performance of the recently introduced 
RIP-cigarettes [15] problematic, but other options exist in the form of, for example, 
e-cigarettes. Also, interventions to prevent the ignition are quite effective, and espe-
cially the substitution of clothing materials for synthetic or animal fibres (see Chap. 
10), which do not typically ignite by a cigarette, is favourable. The effect on flaming 
ignition sources is not as pronounced for these fabrics, but the risk of deep burns is 
generally lower since the melted material insulates the skin from the flame tempera-
ture [16]. There are also options in relation to suppression and, given that sprinkler 
systems generally are too slow to activate, a detector-activated suppression system 
is often a better choice (see Chap. 11).
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6.2  Where Will the Installation of a Specific Measure Provide 
the Largest Benefit?

As previously described, the distribution of fire risk is very uneven in society. 
Hence, even a limited reduction in the risk of high-risk individuals can provide sub-
stantial risk reduction on the societal scale. This information is important to inves-
tigate where a specific measure is most motivated (in contrast to the previous 
question, which had the individual as a point of departure).

The increase in risk with age typically outweighs the reduction in effectiveness 
for most measures (for example, for smoke alarms), making the installation more 
beneficial on a societal scale for older individuals. The only two exceptions are 
stove guards and fire-resistant sofas, for which the benefit per installation decreases 
between the second oldest (65–79 years) and the oldest group (80+ years).

It should also be noted that some very large benefits per installation can be  
found among smokers and especially older smokers where safe cigarettes, sprin-
klers and detector-activated sprinklers give the highest benefit, but also fire-resistant 
clothing.

6.3  Who Currently Owns Different Fire Preventive Measures?

Country of origin and especially being born outside Europe seem to be strongly cor-
related with a low prevalence of smoke alarms, extinguishers and fire blankets in 
Sweden. Interestingly, however, the same group has been found to have a reduced 
risk of dying in fires [9], but this can probably be reduced even further with wider 
adoption of, particularly, smoke alarms. Also, smoke alarm testing seems to be 
lower for the youngest age groups, but they seem to have more extinguishing equip-
ment available.

Apart from this, it is clear that men living alone in apartments with a low income 
have a substantially lower level of protection and, at the same time, a higher risk and 
should therefore probably be a focus of future campaigns.

The results are rather coherent with previous studies from other countries look-
ing at similar factors, which indicate that the results are likely to be similar in other 
countries. The predictor “country of origin” should, however, be interpreted with 
caution in an international context even if factors relating to immigration (e.g. spo-
ken language [11]) have previously been found as a strong predictor also in other 
countries.
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Chapter 15
Vision Zero for Fire Safety

Ragnar Andersson and Thomas Gell

Abstract The so-called Vision Zero policy has become an inspiration and model 
for systematic safety work in many fields. In short, Vision Zero combines an ethical 
approach – that it is never acceptable to let people die or become seriously injured 
in environments where the risks are clearly preventable – with a scientific approach 
to the principles of prevention. The Vision Zero was introduced in Sweden applied 
to road safety and has since spread to other countries and other problem domains. In 
this chapter, we wish to illustrate Vision Zero as it was originally formulated, and 
what a Vision Zero model, according to the same principles, would imply if 
 transferred to fire safety. Finally, it is discussed what challenges it entails to intro-
duce a Vision Zero on fire, based on Swedish experience where a Vision Zero for 
fire safety was launched already in 2010.
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1  Introduction

“Good solutions” to societal problems are not proven good until they have been put 
into practice and shown to fulfill expected results under realistic circumstances. For 
this, just promising innovations are not enough. A societal implementation process 
is also needed to ensure that the solutions come into place. Policies need to be devel-
oped and implemented, employing steering instruments available to society. These 
can be laws and regulations, information, financial stimuli, and the like. 
Organizational structures and practices may also need to be strengthened to make 
the governance more efficient. Finally, the measures taken need to be evaluated to 
ascertain that they really lead to the expected effects.

An upcoming model for societal development in the field of safety is the so- 
called Vision Zero, initially developed for road safety [7]. The model was first intro-
duced in Sweden in the 1990s and has since spread widely to other countries, as 
well as to other problem domains. There is yet no unambiguous and standardized 
definition of a Vision Zero. But in road safety, the model is described as a paradigm 
shift that has revolutionized perceptions of safety work [2]. The most apparent ele-
ment is what has become known as the “ethical approach.” Fatalities and serious 
injuries can never be seen as acceptable. The only acceptable alternative, therefore, 
is a continuous strive toward zero. Fundamental to the new philosophy is also a radi-
cal shift in perceptions of responsibility. According to Vision Zero, the responsibil-
ity for road safety should be seen as shared between road users and those designing 
the road transport system. Besides the individual performance of the road users, it is 
evident that the frequency and severity of accidents largely depend on road and 
vehicle design, regulations, etc. The Swedish Vision Zero on traffic places, the ulti-
mate responsibility on the “system designers” since the system’s design, ultimately 
determines its inherent risks. Previously, the primary responsibility was placed on 
the individual road user, regardless of the technical, environmental, and regulatory 
conditions set by others. The Vision Zero model, as initially applied to traffic safety, 
is described in more detail below.

The purpose of this chapter is to illustrate what a Vision Zero on fire safety could 
mean in the light of its role model on traffic safety. We wish to pinpoint conditions 
that appear particularly challenging when applied to fire safety, as compared to traf-
fic, and how these challenges can be tackled in future fire safety work. The Vision 
Zero policy on fire safety adopted in Sweden in 2010 is analyzed and discussed as 
an example.

2  The Role Model: Vision Zero on Road Traffic

In addition to the ethically based ultimate goal – that no one should die or sustain 
serious injury in road traffic – Vision Zero rests on a profound scientific basis. One 
of the essential components is the adoption of a systems approach where the previ-
ously dominating individual-oriented perception of traffic accident causation, the 
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“human factor,” is replaced by a more multifactorial view. This view is based on a 
conception of how road users, vehicles, and the traffic environment interact and 
where weaknesses in one part of the system can be compensated by improvements 
directed at other parts [11]. Human error is considered particularly difficult to elimi-
nate; why technology, roads, and regulations should be designed to reduce negative 
consequences of human shortcomings (so-called forgiving systems). Another cen-
tral component is the biomedical understanding of the injury mechanisms. Vision 
Zero aims at reducing the severity of traffic injuries (killed and seriously injured), 
which is not the same as reducing the number of accidents. What causes deaths and 
injuries in traffic accidents is exposure to energies, usually mechanical, in quantity 
and intensity exceeding the human body’s tolerance thresholds. Therefore, the core 
issue is to control the release of these energies and their further transmission to 
human tissues. One way of doing this is still to prevent the occurrence of accidents, 
e.g., through various types of technical driver support. However, since accidents 
most likely will continue to occur frequently due to inherent and long-lasting sys-
tem imperfections, powerful complementary strategies are needed to limit postac-
cident consequences. This broadens the scope of traffic safety work and raises the 
responsibilities of a multitude of societal actors, especially those who in some 
respect can be regarded as system designers.

In the spirit of Vision Zero, a number of innovative safety systems have been 
developed regarding driver performance as well as vehicles and the traffic environ-
ment [17]. Although this development cannot be explained solely by the Vision 
Zero adoption, it bears the Vision Zero philosophy’s apparent features. In Sweden’s 
case, the implementation of several innovative measures is judged to have been 
accelerated by Vision Zero, including the introduction of so-called 2 + 1 roads with 
a center barrier, plus a massive replacement of four-way intersections with round-
abouts [7].

The Vision Zero has, as pointed out, diffused to several countries and now 
inspires road safety work internationally [18]. Vision Zero has also influenced other 
domains outside road safety. In Sweden, national Vision Zero policies are adopted 
in areas such as fire safety, occupational safety, patient safety, and suicide preven-
tion, plus in several areas other than injuries, such as social and environmental prob-
lems [9]. In both cases (other countries and problem domains other than traffic 
safety), it has turned out that the content of the Vision Zero philosophy has been 
interpreted quite differently depending on the context in which the model has been 
introduced. The same applies to the possibilities of practically implementing sys-
tematic safety management in the spirit of Vision Zero. Hence, there is a need to 
clarify Vision Zero’s essential characteristics to prevent the term from being dis-
torted and reduced to just an empty political slogan. Among other things, there is an 
obvious risk of confusion with the concept of Zero Tolerance, which usually refers 
to strict intolerance of certain behaviors, i.e., the exact opposite of the “forgiving” 
and harm-reducing philosophy of Vision Zero [1, 10]. A recent comparative content 
analysis points out the importance of scientific grounding, a holistic view, a long-
term commitment, and functional governance in order for the Vision Zero approach 
to be considered fully applied [9].
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3  A Vision Zero on Fire Safety: Rationale and Challenges

Fire safety is a field developed mainly within a relatively narrow professional frame-
work, initially the fire brigades and the insurance industry, and later on, with scien-
tific contributions from construction and fire protection engineering. Now when (as 
a result of fire preventative and fire delimiting measures mainly) a situation has 
arisen where a growing majority of those who die in residential fires do so due to 
their individual vulnerability, there are strong reasons to broaden the perspective 
and view the problem as a wider societal problem requiring new approaches. We 
believe that such a change in perspective and management is necessary to pave the 
way for the next step in further reducing the death toll due to fire, especially in light 
of the fact that the proportion of single and vulnerable elderly people will continue 
to increase in the coming decades (see Chaps. 2 and 3). Here, a Vision Zero-based 
safety philosophy offers an ethically defensible, scientifically anchored, and socially 
inspiring approach for risk management with promising potential.

Elsewhere, we have pointed out five factors as essential for systematic risk man-
agement at the societal level [1].

 1. The system intended to control, including its components, how they interact, and 
the nature of the system’s inherent risks, needs to be understood. The system’s 
main actors and their incentives need to be identified as well.

 2. The variables intended to control must be possible to monitor. This applies to 
both the undesirable outcomes (in this case, deaths and serious injuries) and their 
modifiable underlying determinants generating these outcomes.

 3. The variables intended to control must also be possible to influence by means of 
well-known measures (“tools”) considered effective.

 4. There must exist a sustained political commitment to the necessity of control, 
and an organization and a set of governing instruments ensuring that the inten-
tions are carried out.

 5. The work needs to be targeted, not only in the form of long-term visions but also 
by timed operational subgoals for outcomes and determinants, to facilitate ongo-
ing accomplishment and evaluation.

In the following, points 1–4 are commented on in more detail concerning a possible 
application of a Vision Zero approach to fire safety.

4  The Systems Approach

Deaths and serious injuries from fire occur in several environments and situations. 
Usually, they relate to residential settings, including nursing homes, but life- 
threatening fires also occur in traffic and public environments. Fire is thus a risk that 
affects several subsystems in society. The incidents are usually unintentional, but 
intentional fires resulting in death or serious injury happen as well. In common, 
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fire- related injuries and deaths result from exposure to the emissions from fire – 
heat, and/or toxic gases – in amounts that exceed the human organism’s tolerance 
thresholds. Indirectly, and more rarely, injuries may also occur in connection with 
rescue efforts or evacuation, such as falls, falling debris, jumps from balconies, etc.

Considering housing as a system, fire is one risk alongside many others, such as 
falls, poor indoor air quality, etc. The housing system components consist roughly 
of the residents themselves and their visitors, the building with its installations, 
furniture, products, etc. The systems’ risks are determined by the hazards inherent 
in the living environment in combination with the residents’ personal vulnerabilities 
and abilities to manage the hazards, whether manageable at all by the individual. 
Some ignition sources may appear beyond the control of the individual, such as 
fixed electrical installations. Upholstered furniture, common in most homes, poses 
a large potential fire load and generates gases with imminent lethal toxicity in the 
event of a fire, a danger of which many residents might be unaware. There is usually 
no consumer information on fire properties for furniture. Such dangers, beyond the 
control of the individual, must be managed by others; construction companies, 
property owners, manufacturers, suppliers, installers, etc., as well as the society’s 
regulators and licensors. Therefore, all these actors belong to the system and should 
be attributed responsibility for the living environment’s inherent risks. Concerning 
other risks, the moral responsibility can be seen as shared between the system’s 
users and its designers in proportions to the degree users can be expected to cope 
with the dangers themselves in a safe manner. Among residents, there is one large 
group of minors who are unable to care for their own safety. Instead, parents or 
other caregivers are expected to step in and compensate. There is also a large group 
of elderly, disabled, and chronically ill, with impaired abilities in various respects. 
In terms of risk, these people constitute a very vulnerable group in a housing envi-
ronment in practice designed for high-performing users in midlife. Particularly vul-
nerable are those who, in addition, live alone and thus lack someone in their vicinity 
who in critical situations can intervene and assist.

Housing is an arena traditionally characterized by the individual’s right to pri-
vacy and self-determination. From this also stem a traditional view of individual 
responsibility in terms of home safety. As the population ages and more and more 
people are cared for at home, even for serious illnesses, the conflict between this 
traditional view and the requirement for safe housing has sharpened. Like in traffic, 
the system designers need to step forward and take more direct responsibility for the 
growing share of residents who cannot reasonably be expected to care for them-
selves in critical situations. Concerning fire, there is convincing evidence indicating 
that the elderly, the disabled, and the socially disadvantaged constitute an increas-
ingly dominant group among those killed and seriously injured, especially in high- 
income countries. That these groups stand out in terms of risk does not seem to be 
primarily due to them having more fires than the general population, but to the fact 
that they face more difficulties in surviving if a fire occurs [13]. This fact, in turn, is 
due to a combination of increased medical vulnerability and a decreased ability to 
act adequately in the event of fire (see Chaps. 4 and 5). Rather, the occurrence of 
residential fires seems to be more common in well-off households with, on average, 

15 Vision Zero for Fire Safety



264

younger residents. However, these households are also better prepared to extin-
guish, evacuate, and call for help to avoid loss of life and health. Fires in which 
people die are often limited in magnitude, but become fatal because the involved 
individuals are extra vulnerable and lack the ability to handle the situation. This is a 
structural problem beyond the individual’s control, indicating that the traditional 
view of the division of responsibilities in fire safety needs to be fundamentally 
revised. Housing, like road transportation, is a system where the system designers 
largely determine the risks and where, therefore, the ultimate responsibility needs to 
be attributed to them.

5  Measurability

Setting goals for something that cannot be measured is hardly rational. That is like 
acting in blindness. If the focus is on fatalities and serious injuries, these outcome 
variables need to be measured with adequate accuracy over time. This task is more 
challenging than one might think at first glance due to the common coexistence of 
different registration systems with different purposes, and thus, normally, different 
coverages. The accessibility and quality of the data captured vary as well. For exam-
ple, the fire sector usually relies on the rescue service’s reporting. However, this can 
lead to a considerable underestimation of the true number of people killed in fires, 
partly because the rescue services are not attending all fatal events and that some 
victims rescued alive die later from their injuries [8]. Also, rescue personnel are 
seldom well trained to assess the degree of injury severity among fire victims (see 
Chap. 6, Fire safety surveillance). The obvious solution is to match data from sev-
eral sources (call-out reports, cause of death registers, in-patient registers, forensic 
registers) to obtain an adequate coverage of the outcomes in question and a richer 
and more valid set of information [8].

In addition to the outcomes subjected to reduction, it is also desirable to measure 
and follow underlying determining factors behind the outcomes. Of particular 
importance are factors subjected to intervention, such as the presence of smoke 
alarms, for example. All variables of interest to modify to reduce the number of 
fatalities and seriously injured should entail goals to enable program performance 
evaluation. The performance should be traced by an active management by objec-
tives (MBO) system.

6  Controllability

Lacking instruments to influence what is intended to be controlled is as bad as not 
being able to measure. In that case, there is awareness of the problem but unaware-
ness of what to do. This prompts continuous investments in what is often referred to 
as evidence and grounded experience. Research and experience gradually enhance 
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the accumulated knowledge on the most effective measures. A toolbox with several 
credible countermeasures is needed to achieve the greatest possible effect of preven-
tative efforts.

Historically, fire safety interventions have primarily focused on limiting large- 
scale fires in urban areas by preventing the spread from building to building [6]. 
Through urban planning with spacious streets and avenues, this type of fire has been 
replaced by more limited fires in individual buildings or building compartments 
(fire cells) designed to contain a fire [15]. Another line of development is the estab-
lishment of rescue services with the ambition of being able to carry out firefighting 
and rescue those in need within a reasonable time [14]. These efforts have undoubt-
edly had an effect, but there is still a problem with limited fires where people die and 
are injured without the rescue service arriving swiftly enough, if even alerted. The 
toolbox includes, e.g., smoke alarms, sprinklers, self-extinguishing cigarettes, 
information campaigns, and home visits. The scientific evidence for these measures 
is partly weak, but strengthens gradually. Among other things, we know today that 
self-extinguishing cigarettes are proven to be less effective than expected [3, 4]. 
Smoke alarms do not help those who, for various reasons, lack the ability to evacu-
ate themselves [16]. Campaigns and home visits also have their obvious limitations. 
The incentives of innovation and the commercial driving forces regarding fire safety 
in living environments leave room for considerable improvements. While car manu-
facturers are competing to introduce new safety-enhancing technology in our cars, 
and vehicle safety has become a powerful commercial argument where consumers 
have access to qualified safety evaluations [5], the housing sector still seems char-
acterized by the attitude that fire safety at home is the resident’s own problem. Much 
research and innovation remain for the toolbox to be considered sufficiently com-
plete, especially in terms of protecting the most vulnerable in the event of fire. Also, 
a shift to another mindset regarding fire safety as a commercial driving force is 
much needed.

7  Determination, Mandate, and Organization

To create real change, it is not enough to have access to a toolbox; it must also be 
ensured that the measures are implemented. Conflicts of objectives surround almost 
every political action, and the competition for limited resources is fierce. If an effort 
is to have priority, a strong political mandate is needed. As responsibilities are 
shared among many actors and affect several societal sectors, the mandate must be 
broad and supported by sufficient powers. The societal governance of fire safety 
needs to be conducted systematically and decisively by means of a balanced mix of 
effective measures at disposal. Society has different faces; parliament, government, 
authorities, regions, and municipalities. It also has various roles; policymaker, infra-
structure developer, owner, and user. Finally, society has various instruments, such 
as regulation, education, information, and finances. Through effective governance, 
at appropriate levels and with broad community involvement, these various faces, 
roles, and means can all be utilized for the intended result.
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8  Challenges and Opportunities in Adopting a Vision Zero 
for Fire Safety

Inspired by the Vision Zero on traffic safety, a Vision Zero was adopted on fire 
safety in Sweden in 2010. The wording of this vision is similar to the traffic area’s 
Vision Zero – “No one should die or be seriously injured because of fire.” A recent 
comparative analysis of five Swedish national Vision Zero policies, all with an 
injury prevention focus (traffic, fire, suicide, patient safety, and occupational fatali-
ties), found significant problems associated with most of them, such as insufficient 
tools, lack of governance, difficulties in measuring and evaluation, and lack of a 
holistic/systems view [9]. To finalize, we here wish to comment on these challenges 
with reference to the Swedish Vision Zero on fire, and from there, point at the pos-
sibilities of refining effective Vision Zero work in this field.

The Vision Zero on traffic meant a clear break with an outdated perception of 
human error as the primary cause and individual responsibility as the main solution. 
Instead, it introduced a perspective of societal responsibility and a systems approach 
where the responsibility ultimately rests with the system designers, not its users. We 
cannot see that this view has yet permeated Swedish fire safety work, despite the 
adoption of Vision Zero. A Vision Zero is a societal commitment, i.e., a mission that 
society directs toward itself and which cannot be passed on to the citizens to realize. 
The systems view is, therefore, an indispensable part of a Vision Zero policy’s theo-
retical basis. In our opinion, effective Vision Zero work in the fire area cannot be 
established without the “housing system” being modeled in the same way as the 
transport system. The housing risks, in analogy with the transport system risks, 
should be understood as inherent system properties for which the system designers 
bear an overall responsibility. Fire risks in settings other than housing, for example, 
in traffic, should be covered by the safety work within these.

The Vision Zero in the traffic area also meant a shift from the traditional view 
that safety work primarily aims to prevent “accidents,” such as crashes or fires. 
Instead, the new focus is to limit the consequences of these events in the form of 
killed and seriously injured. The consequences always represent the burden of an 
accident. Therefore, it is ultimately the consequences that need to be reduced over 
time. It is also usually the consequences that are measured, evaluated, and compared 
in so-called accident statistics, as well as in research and analysis, and thus form the 
basis for prioritization and follow-ups. Preventing accidents is, of course, a way of 
preventing consequences. But, as discussed in Chap. 3, many accidents result in 
minor or insignificant consequences. This means two things; that accidents in many 
contexts are common and often trivial events, and, secondly, that there are usually 
several modifiable factors in addition to the accident event that contribute to the 
severity of the consequences. Some of these factors might be more meaningful to 
address in systematic safety work than spending resources on preventing accidents 
in general. The Swedish Vision Zero on fire safety, like the one on traffic, sends a 
clear message back to society to ensure that the consequences for life and health 
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from fires are systematically reduced. However, the Swedish front organization to 
shoulder this mission, the rescue services, still perceives that their main task is to 
fight fires, i.e., to combat the accident as such. A new, consequence-focused goal- 
setting needs to permeate key actors and become expressed in new approaches and 
strategies, meaning that a deep-rooted professional culture needs to be challenged.

When establishing long-term work toward fewer killed and seriously injured by 
fire, it is necessary to create valid and comprehensive data collection systems for 
outcomes and determinants (indicators), something that still appears challenging, 
not least in Sweden. When Vision Zero was adopted for Swedish fire safety work, 
regular statistics on fatalities existed, but not on seriously injured. An extensive 
quality review of the Swedish fatal fire database, from which the data on fire fatali-
ties is obtained, revealed that the national statistics on fatalities systematically 
underestimated the numbers by about 20% [8]. Some categories were more under-
estimated than others, including fire setting to commit suicide and fire in clothing. 
Underreporting and skewness have been gradually remedied through improved data 
collection routines, but there is still no accepted definition of serious injury, a cate-
gory also encompassed by the vision. In the absence of this, attempts are made to 
estimate the extent and development over time by using various proxy variables, 
such as the number of in-patients treated for injuries caused by fire. Work is now 
underway to agree on definitions and inclusion criteria to allow that even this vari-
able can be monitored and compared adequately over time; see Chap. 6.

An indicator-based management by objectives (MBO) system also presupposes 
the identification of relevant determinants on a scientific basis, which is a significant 
challenge in itself, as well as the establishment of valid and sustainable data collec-
tion systems for the corresponding variables [12]. The measures that can be imple-
mented must be prioritized based on current knowledge of the expected effects in 
relation to their related costs, while continued research and development need to be 
directed toward better future solutions.

The biggest challenge is probably the establishment of a national cross-sectoral 
governance system. Such a system presupposes that the Vision Zero strategy is sup-
ported from the highest political level with a clear obligation for all sectors con-
cerned to cooperate and that the issue is given the necessary priority. The Swedish 
Vision Zero on fire safety is so far only adopted by a single governmental agency, 
nationally responsible for fire safety, the Swedish Civil Contingencies Agency, 
MSB. Consequently, the overall political leadership, the parliament and the govern-
ment, is thus not yet committed to the vision, which in turn means that other rele-
vant sectors with major impact on fire safety, such as the construction sector, social 
services, and healthcare, are not obliged to contribute. What exists is a voluntary 
collaboration group including a number of national actors participating in the work. 
MSB’s role is mainly informative, advisory, and educational vis-à-vis the public and 
the (formally independent) municipal-based rescue services. Hence, in reality, MSB 
has limited opportunities to influence the development that Vision Zero sets out.
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9  Conclusions

That the Vision Zero model can serve as a powerful instrument for societal gover-
nance is shown in traffic safety. However, research discloses that misinterpretations 
and misunderstandings about the model can lead to theoretical distortion and under-
mined trustworthiness when applied to new problems. We believe that the Swedish 
Vision Zero on fire safety is an example of this. In order for a Vision Zero on fire to 
be perceived as a serious and credible approach, systematic efforts are required to 
address the weaknesses we have pointed out above, such as weak governance, inac-
curate and insufficient monitoring systems, and ineffective preventative strategies 
and tools to protect life and health. Based on the above analysis and discussion, we 
here finally want to summarize what we perceive should constitute the key elements 
of a Vision Zero-based approach to residential fire safety. A Vision Zero:

• Expresses an ethical approach, that it is not ethically acceptable for people to die 
or become seriously injured in their homes due to fire.

• Shifts focus from the “accident” phenomenon (in this case, a residential fire) to 
the consequences thereof (fatally or seriously injured). The consequences from 
fire do not appear randomly but result from contributory and often modifiable 
factors. Therefore, harm reduction is a core element in every Vision Zero strategy.

• Applies a systems view. Housing is a system where several actors  – system 
designers – have created the conditions for the home’s inherent fire safety stan-
dard and where the residents can be regarded as “users” of the system.

• Takes into account that people cannot always be expected to behave correctly or 
have the ability to handle a fire incident themselves. It is the system designers’ 
responsibility to design the system (the home) in such a (forgiving) way that a 
human lapse or inability does not result in death or serious injury.

• Is based on scientific knowledge about the human body’s tolerance thresholds to 
fire-related hazards (mainly toxic gases and heat), the residents´ possibilities to 
handle a fire incident or to place themselves in safety, and for external rescue 
resources to intervene and assist.
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Chapter 16
Fire Safety Education Campaigns

Charles R. Jennings

Abstract Public fire education, when properly designed, can be an effective means 
to reduce the toll of fires and related problems on the community. Public fire educa-
tion must be carefully designed and based upon analysis of local incident data to 
include affected populations in order to properly target messages. In spite of a long 
history, success in implementing programs varies widely. In some cases, cultural 
factors and managerial challenges limit program development. The fire service must 
define the problem, and outside partnerships from academics and advertising and 
marketing specialists can improve the rigor of program designs, which must be 
planned to support systematic evaluation through data collection to measure results. 
Sustaining programs so they can produce measurable results are necessary. The 
ongoing evolution of marketing technologies associated with social media and 
widespread use of electronic devices creates both opportunities and challenges.

Keywords Fire prevention · Public education · Program evaluation · Community 
risk reduction · Fire risk

1  Introduction

Fire safety education campaigns are a critical component of residential fire safety. 
They offer the possibility of reducing fires or their severity by providing the public 
with information in an organized fashion. In spite of the importance of such cam-
paigns and their existence going back many years, there remains a shortage of litera-
ture documenting effective campaigns, providing guidance to the fire services, and 
others attempting to design and implement such programs.
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This chapter attempts to summarize the current state of knowledge, identify best 
practices, and provide approaches and commentary on designing programs using 
fire incident and other data. While an attempt is made to be representative, this 
chapter focuses primarily on English-language sources from the setting of devel-
oped nations. Considerable public education efforts in other contexts are well- 
established in places such as Japan, which inspired efforts in the United States and 
other countries [53, p. 77].

While there is no consensus on defining fire safety education campaigns, the 
functional definition we will use is that they involve an intentional effort to convey 
safety-related information to the lay public for purposes of awareness, use, or 
informing or protecting others. While campaigns may indeed exist to promote a 
particular policy, such as mandating automatic sprinklers in the building code, we 
will define such campaigns as influence operations, and they won’t be consid-
ered here.

Fire and emergency services, particularly those that also provide emergency 
medical services, have often embraced a broader range of educational subjects. 
These have included injury prevention and lifestyle behavioral changes not strictly 
fire-related. This chapter will confine its examples to strict fire-related hazards, but 
the information is applicable to these broader efforts as well. Smoke detectors 
remain the dominant intervention to reduce the toll of fires [20]. Other hazards may 
be addressed based on local agency responsibilities, such as provision of emergency 
medical services, and may include initiatives such as water safety, poisoning pre-
vention, seat belt usage, or traffic safety.

Lastly, this chapter is not intended as a treatise on the evolving fields of market-
ing and advertising, but rather will present general concepts. The reader planning to 
undertake such a program is referred to the references within the chapter for 
guidance.

2  History of Fire Safety Campaigns

2.1  Insurance Industry

Early fire safety campaigns were driven in large measure by the insurance industry. 
With the rapid development of urban centers, sometimes constructed with timber, 
the threat of conflagration was common in many national contexts. In the US, early 
efforts were concerned with avoidance of large-scale fires, as well as the promotion 
of fire-safe conditions in industrial and commercial properties. While its greatest 
emphasis was on the development of codes and standards for construction, mainte-
nance and use of buildings, and hazardous processes, organizations such as the 
National Board of Fire Underwriters in the USA had very active propaganda cam-
paigns, often centered around generalized public awareness of fire and its toll on life 
and the economy [23, p. 113]. The 1913 First American National Fire Prevention 
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Conference noted that there were 25 state-level fire prevention associations “com-
prised almost entirely of insurance personnel” [17, p. 26].

Many of these educational materials were crude by today’s standards (see 
Fig. 16.1), but they are the antecedents of modern fire safety education campaigns.

2.2  Nonprofits and Community Groups

Perhaps most sustained efforts to promote fire safety education have come from 
nonprofit and community groups. Groups such as the National Fire Protection 
Association’s Fire Marshals Association of North America endorsed fire prevention 
day on the 40th anniversary of the Great Chicago Fire of 1871. The fire prevention 
day would eventually grow into a nationally recognized day (and later week) by 
proclamation [36].

The National Fire Protection Association uses its statistical capabilities to 
develop a nationally themed fire prevention week campaign with materials designed 
to be used by local fire departments. These high-quality materials are widely adopted 
and are effectively a “turn-key” option for local agencies.

While many civil society groups have championed fire safety education cam-
paigns, one of the most recent large-scale efforts in the USA is headed by the 
American Red Cross. Stimulated by their experience responding to assist people 
displaced by fires, they began a comprehensive campaign dedicated to the installa-
tion and maintenance of working smoke detectors in dwellings. That program which 
began in 2014 is credited with installing over two million smoke detectors and sav-
ing 864 lives [38].

Other groups are devoted to specific dimensions of the fire problem, such as burn 
prevention or juvenile firesetting. Countless community partnerships between local 
fire services, businesses, civil society groups, and neighborhood groups have been 
effective in spreading fire prevention messaging and having local impact.

2.3  Fire Service

The fire service plays a central role in design, delivery, and evaluation of public fire 
education campaigns across the world. The context varies globally according to 
long-standing cultural norms, occupational cultures, and societal resources.

2.3.1  United States/North American Context

The fire service can be considered the origin of much fire safety education. Fire 
prevention education within the fire service has gone hand-in-hand with fire preven-
tion efforts such as code enforcement. Fire prevention education activity varies 
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Fig. 16.1 National Board of Fire Underwriters Christmas Tree Safety advertisement c1960
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greatly between fire departments, as there is little regulatory requirement to deliver 
public fire education. Professional qualifications for fire safety educators date back 
to 1977 with the NFPA’s addition of these requirements to its standard on fire 
inspector, fire investigator, and fire prevention education officer [32].

Gaining buy-in and sustained interest in fire safety campaigns has been a long- 
term challenge in the USA [9], perhaps in part due to the fire service’s highly decen-
tralized and localized nature. A cultural bias toward the excitement and recognition 
of manual firefighting has undoubtedly played a role in North America [56]. The US 
National Fire Academy’s model of community risk reduction explicitly mentions 
organizational culture as a component of implementing such programs [57, p. 6].

These challenges are also a reflection of lack of resources and expertise in many 
(especially smaller) fire departments. Too great an emphasis on fire prevention can 
be viewed by members of the fire service as a threat to firefighting jobs [21, p. 285]. 
Although some recent research suggests this attitude is changing [41], we have seen 
remarkable results in fire prevention among nations where the fire service is more 
regional or national in nature.

The persistence of this challenge is evident as “integrate … public fire education 
into the regular operations of the fire department” and was among the first items 
listed among strategies in a 2019 national conference on the fire problem [31]. Such 
pronouncements date back at least to 1913s First American National Fire Prevention 
Convention and were echoed later in the US’s 1947 Presidential Conference on Fire 
Prevention (Fig. 16.2).

2.3.2  Rest of World Fire Service Public Fire Education Exemplars

The US context is by no means reflective of global practices. As indicated previ-
ously, larger or more regionalized fire services often have more resources and the 
capability to provide specialized staff and resources. Many international fire ser-
vices require technical degrees for management and often employ specialist staff. 
While there has been considerable exchange of information between nations, a non- 
exhaustive sample of exemplary practices can be found among the following nations 
and major cities.

The European Union also identified the need for fire safety education as a com-
ponent of national fire safety efforts. A recent report found “community fire safety 
programmes, at both the national and local level, are adopted around Europe” [49].

The United Kingdom has greatly increased its emphasis on fire prevention edu-
cation, focusing on risk-based inspection and installation and testing of smoke 
alarms. Most Brigades maintained data analytic capability to target preventive 
efforts [52, p. 14].

Japan has a long-standing commitment to public fire education, with major cities 
devoting considerable resources to large, far-reaching programs that emphasize fire 
safety along with disaster preparedness. As an example, the Tokyo Fire Department 
reached over two million people with various combinations of evacuation drills, 
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Fig. 16.2 Philadelphia (PA, USA) Fire Prevention Conference, 1913
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initial firefighting, and first aid training. In addition, they reported reaching over one 
million students through school-based life safety education [51, p. 27].

Similar efforts took place in many other countries, building on a renewed inter-
national interest in enhancing public fire education efforts. Notably, English- 
language efforts in Australia and New Zealand, among others, received emphasis in 
the 1990s [3, 11].

2.3.3  Summary

Some formal efforts impacting access to information on design of fire safety educa-
tion campaigns came about recently, with the National Fire Protection Association 
Standard 1730 Standard on Organization and Deployment of Fire Prevention 
Inspection and Code Enforcement, Plan Review, Investigation, and Public Education 
Operations to address the conduct of such campaigns.

One of the greatest challenges facing public fire education within the fire service 
is the ability to sustain well-designed campaigns. Changes in leadership, inatten-
tion, and diversion to other priorities undermine success. This will be discussed 
more in the section of the chapter on “Implementation.”

3  Major References and Milestones

The transition from broad awareness and publicity campaigns to a proper campaign 
was facilitated by a number of efforts initiated in the 1970s. While academic studies 
continued to trickle out beginning in the late 1970s, largely under US government 
sponsorship under the US fire Administration and its predecessor, these efforts had 
limited impact on fire service adoption of these practices, not being widely read 
among the fire service.

The US Federal Emergency Management Agency’s US Fire Administration first 
published the guidebook Public Fire Education Planning: A Five Step Process [47] 
in 1980. This document was the first complete guide for the development of fire 
safety education program specifically targeted to the fire service.1 This was most 
recently followed by a multiagency collaboration with the Centers for Disease 
Control to produce a significant expansion as a comprehensive toolkit [55].

Philip Schaenman and collaborators at TriData, a US-based consultancy and 
research firm, completed a series of extremely influential reports examining many 
aspects of fire prevention, including collecting international best practices. Under 
funding from the tobacco industry, and later US Centers for Disease Control and 
Prevention and other sources, these reports were widely disseminated and had 

1 The guide was most recently updated by the US Fire Administration in 2008 http://www.usfa.
fema.gov/downloads/pdf/publications/fa-219.pdf
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far- reaching impact to stimulate both more attention to fire prevention in the US fire 
service and also international collaboration and interest in adopting best practices 
[52, p. 11]. Unfortunately, these reports are not in print, and digital copies of the 
various reports are not in a single online repository.

Perhaps their most relevant report to this effort was the 1990 report Proving 
Public Fire Education Works, which was a seminal publication that identified and 
promoted the need for evaluation of fire safety education programs.

Overcoming an implicit bias toward suburban, nuclear families in much of the 
prevention literature, recognition of the need to engage meaningfully with diverse 
elements of the community, urban populations, immigrants, and even apartment 
dwellers was highlighted. One of the earliest recognitions of the need to focus on 
those members of the community most at risk was creation of a comprehensive 
toolkit titled The Community-Based Fire Safety Education Handbook [39]. This 
handbook included artwork and other aids to developing customized educational 
materials.

More recently, Vision 20/20 (strategicfire.org) is a multiyear grant-funded effort 
to “provide a forum for sustained, collaborative planning to reduce fire loss in the 
United States” [24]. Beginning in 2008, this program has developed numerous tools 
and facilitated knowledge sharing and adoption of high-quality education cam-
paigns in the context of community risk reduction, which in a broader term describ-
ing the process of community-wide risk assessment and development of interventions 
which may include public education. Vision 20/20 has guides for both Community 
Risk Assessment and development of a Community Risk Reduction Plan. The UK 
government published an evaluation guide for fire services programs in 2010 [10].

The National Fire Protection Association published its standard 1300, Standard 
on Community Risk Assessment and Community Risk Reduction Plan (2020) for the 
first time in 2019. This standard contains high-level guidance. The NFPA also has a 
standard for training fire service personnel to conduct community risk reduction.

4  How to Define a Campaign

As already noted, a public fire education campaign can be defined, for our purposes, 
as an intentional effort to convey safety-related information to the lay public for 
purposes of awareness, use, or informing or protecting others. These campaigns are 
almost exclusively targeted at people in their dwellings, although they can be 
directed at workplaces as well. However, reaching people in their homes is the most 
challenging dimension of public fire education.

Before we begin detailing the components of a public education campaign, we 
should briefly address what it is not. Much activity of the fire service that falls col-
loquially under the banner of public education does not meet this rigorous defini-
tion. Merely distributing literature, if not targeted to real-world fire problems of its 
audience, is little more than public relations. Indeed, some fire departments spend 
hours on activities that impart little or no actionable information or are so broad in 
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their focus that they have limited use. Climbing on apparatus, spraying hoses, don-
ning helmets, and such activities may captivate children, but can’t substitute for a 
focused message delivered effectively. A last fallacy of public education programs 
is basing presentations on public requests. Such requests seldom come from the 
groups at highest risk, and waiting for the public to ask for information is often not 
likely to address a community’s most serious risks or at-risk populations.

A campaign can be guided by the 5-step process. Figure 16.3 shows the 5-step 
process. The five steps begin with conduct of a community risk analysis. Risk analy-
sis remains a challenge for many organizations, although there are several methods 
purporting to offer formulas or approaches. An important concept is that of fire 
frequency versus fire loss. Interventions often act on only one of these two dimen-
sions of fire risk. For example, preparing a family escape plan does not necessarily 
reduce the frequency of fires, but reduces the risk of injury by enabling a house-
hold’s members to evacuate and avoid reentering a structure [25, pp. 82–83].

A clear-eyed and incisive identification of the problems in your community must 
be undertaken. Developing a risk analysis also requires carefully identifying issues 
that are amenable to public education, as opposed to other approaches such as pass-
ing regulation, greater enforcement, or general advocacy.

The next step is to identify community partnerships. Almost any effort to under-
take outreach to segments of a community based on location, demographic charac-
teristics, or other risk profiles will require interaction with representatives of that 
community. Ideally, this relationship will be easy to establish, but it is important to 
understand norms, values, and local culture before crafting an intervention strategy. 
Community partnership may involve a community planning team, but this need not 
necessarily be rigid and formal. These relationships will assist in adoption of the 
program and add legitimacy to the fire department’s efforts. Some effort may need 
to be made to identify members of the targeted community, perhaps even working 
through trusted intermediaries.

Once the problem is identified and knowledgeable and/or influential community 
representatives are identified, then an intervention strategy is developed. This strat-
egy must again refine the target population and identify places for intervention and 
the specific interventions to be used. These may include combinations of in-person 
engagement, door-to-door visits, advertising, and outreach via popular and trusted 
locales such as faith or community groups, or popular businesses. Once these 
options are identified, necessary resources must be secured for costs such as design 
of program materials, printing, and hard costs for services such as data analysis or 
computer hardware such as tablet computers or phone-based apps to document 
activity. Do not neglect to account for availability of personnel to perform the out-
reach. This is where community partnership can add value by extending the reach 
or availability of personnel and resources. There will always be adjustment to 
account for limited resources, and this is where a good risk analysis will identify the 
most critical areas for intervention. Any strategy must incorporate identifying a 
measurable change in the problem being targeted.

Once a strategy is designed, the next step is implementation. A pilot administra-
tion of the program, or testing of materials should always be undertaken before it is 
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Fig. 16.3 The 5-step process. (Source: United States Fire Administration [54])

fully launched. Errors in translation, misunderstood words, unclear artwork, or 
drawings may all be quickly identified through a pilot test, saving costs for redoing 
printing and avoiding waste. Once this is done, a project schedule should be devel-
oped and the program launched and monitored. Regular periodic reports must be 
filed, to maintain momentum and identify any problems such as lax recordkeeping 
or difficulties in reaching certain outlets.

The final step is evaluation of results. This involves a comparison of baseline 
(pre-intervention) data against current performance. Any changes should be docu-
mented, with attention paid to identifying the group that received the intervention as 
accurately as possible. It is important that results be shared with the community 
partners.
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Of course, a real-world public education program should go through multiple 
cycles of evaluation and adjustment as necessary.

Another term used to describe education campaigns targeted at behavior change 
is social marketing. Social marketing is a subfield of advertising and grew from the 
health field. Social marketing is often applied to international contexts, but can be 
found around topics as varied as promoting covid-19 vaccines, tobacco cessation, 
and healthy diets [6]. The US Centers for Disease Control maintains significant 
resources devoted to health communications (https://www.cdc.gov/healthcommuni-
cation/index.html).

5  Evaluating Campaign Effectiveness

5.1  Design with Evaluation in Mind

One great pitfall of public education campaigns is the failure to begin with a solid 
understanding of the data. What is the data’s origin, is it accurate, complete, and 
reliable? What steps are in place to control its quality? Where possible, multiple 
measures may be used to assure that program effects are documented, or that mea-
sures selected are sufficiently granular to show results. For example, a program to 
reduce smoking fires should not rely only on measuring deaths, but include injuries, 
numbers of fires, and fire severity as additional measures.

A clear process for tracking data on all aspects of the program must be identified 
in advance, documented, and followed up. Firefighters or community volunteers 
may be committed to the program, but the importance of collecting data and docu-
menting activity must be instilled in the participants. Data collection forms can be 
designed, and electronic data collection should be used if possible to streamline 
collection of information. It is especially critical that someone be designated to 
receive and check data regularly, so that forms do not go missing, or staff can be 
questioned while details that weren’t properly documented are still fresh in 
their mind.

5.1.1  Analysis Issues: Know Your Data

Data quality should be a top-level concern. Are rules and definitions developed to 
guide how data is recorded? What are we counting, what is our program, and what 
is our intervention? What are we trying to do with our program, and how are we 
measuring that?

Many campaigns will utilize incident-based data as their basis. Other data 
sources such as census data on population, income, demographics, or other charac-
teristics are likely to be included in the risk analysis, program design, implementa-
tion, and evaluation processes. Local data such as building records and data from 
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other agencies such as education or health departments may also be used. Data may 
need to be expressed on a per capita or other basis to better identify areas of risk. 
Multiple years of data may be needed to assemble an accurate portrayal of a com-
munity’s risk profile if the number of incidents is not high.

5.1.2  Sustain the Effort

On a household level, fires do not occur frequently. This is a good thing. However, 
it means that to measure the impact or effectiveness of a fire safety education cam-
paign often requires a multiyear effort. Smaller agencies may not experience suffi-
cient incidents to be able to measure impact on a cycle short of a year. Larger 
agencies may have sufficient incidents to see a measurable change more quickly.

Many agencies begin an ambitious education program and diligently complete 
their intervention, but fail to document their efforts or lose data or simply stop pre-
maturely. There are many reasons for this, including loss of administrative support, 
failure to fully embrace the program by personnel assigned, or loss of community 
partners. The consequence can be an inability to justify continuing the program and 
diversion of resources to other seemingly more important priorities.

One of the most remarkable and well-documented local public education cam-
paigns is a home fire safety campaign developed and managed by the Surrey, British 
Columbia (Canada) Fire Service. Surrey, a rapidly growing City, had a significant 
fire problem and was concerned both for reducing this challenge and also managing 
the rapid growth of the City without being able to add suppression resources. 
Following traditional steps for design of fire safety education campaigns, they began 
with a 20-year analysis of incident data and also studied best practices from the UK 
fire services based on smoke detector installation and home visits [50].

The intervention consisted of smoke detector installation and home inspections 
and has been extended for 12 years. Using incident data and including community 
characteristics related to demographics, income, housing age, and other factors, 
they targeted neighborhoods. It began in 2008 with a door-to-door campaign by on- 
duty firefighters. If no one was at home, they left educational materials. In 2009, the 
program expanded to include home inspections by request (including offers when 
crews encountered residents at home), and crews began systematically documenting 
whether smoke detectors in the residence were working when they were out on 
incidents of all types, and installed detectors when they were missing. Subsequent 
enhancements to the program included using crime prevention volunteers to distrib-
ute literature, and Surrey Fire Service also developed its own cadre of volunteers 
who not only conducted home visits, but engaged in telemarketing to reinforce 
safety messaging [50, p. 4].

Surrey was able to achieve a major reduction in fire rate over the 12 years of the 
program and also doubled the percentage of homes with working smoke detectors 
from 30% to 60% (Fig.  16.4). Each variation in delivery method was tracked, 
enabling comparison between approaches. Updated local population estimates and 
census data were used to adjust targeting throughout the program. The program was 
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evaluated using a randomized controlled design, the gold standard for social science 
research [7, 50].

Surrey utilized multiple measures to assess impact of the program. These 
included:

• City-wide fire rate (decreased).
• Casualty rates (decreased).
• Percentage of working smoke alarms (increased).
• Percentage of fires confined to room of origin (increased).

Their program design, implementation, and evaluation were assisted by partner-
ships with a local University, a fire researcher, and greatly aided by having an in- 
house data analyst to manage and oversee the project under direction from the Fire 
Chiefs. The project was well-accepted by rank and file members of the department, 
and its results, as well as engagement of the firefighters with the community, were 
viewed as a point of pride [50].

Many communities operate similar smoke detector distribution campaigns; some 
funded with grants. Bridgeport, Connecticut, began a smoke detector distribution 
campaign in 2005, partnering with the local Red Cross Chapter and a government 
community-service job program. They set up a dedicated phone number for request-
ing smoke detectors (now expanded to carbon monoxide alarms). Since the pro-
gram’s inception, some 30,000 devices were installed in the City of 144,000 in some 
50,000 households. The fire department checks the status of alarms when they are 
out on incidents and will install them at that time. Installations are performed 7 days 
per week, and promotional materials including door hangers are available in four 
languages. The program is credited with alerting 100 residents to evacuate during 
fires, and additional evaluation is underway [4].
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5.1.3  Using Professionals and Advertising Agencies

As we indicated previously, mounting a successful, well-designed campaign 
requires diverse expertise often not found in fire departments. In addition to grass-
roots community partnerships within the targeted community, external partnerships 
for design of the evaluation, data analysis, and design and testing of outreach mate-
rials are important areas of concern.

Academic institutions can be an effective resource for identifying specialized 
support for public education campaigns. Faculty across various disciplines may 
have expertise in program evaluation, experimental design, marketing, demographic 
and census analysis, and language skills that may be needed. Identifying such part-
nerships can make the difference between successful and exemplary programs. 
Faculty are also likely to have skills in documentation and report writing that will 
be useful in end-of-project or midterm reviews and evaluations. Disciplines that 
have played a role in public fire education campaigns include public health, public 
policy, and statistics or program evaluation programs.

Many academic institutions encourage faculty to be engaged with the commu-
nity, and some are looking for research projects they can work on or assign students 
to assist with. A written agreement is best, to set expectations and define roles in the 
project. The fire service must retain leadership over the effort, and this responsibil-
ity cannot be delegated.

Initial design and testing of messages and their presentation and formatting 
across different media can be a valuable service performed by professionals. While 
finding a sympathetic local ad agency or person with this expertise, it may be worth-
while to formally pay for such services. Remember that the fire services should be 
the experts on the fire problem and identifying the specific scenario the program is 
intended to target.

5.2  Implementation

5.2.1  High-Quality Research and Evaluations

A number of high-quality evaluations of public fire education campaigns have been 
done over the years. These evaluations have used rigorous methods and observed 
measurable changes in behavior and losses in numerous settings. They have included 
smoke detector distribution campaigns alone or as part of broader campaigns [14, 
29, 30]; general fire safety injury prevention [27, 28] and some have specifically 
evaluated interventions led by firefighters [8, 48]. Some are nationally led interven-
tions and evaluations of multiple programs delivered locally, such as the case of an 
evaluation of both fire and injury prevention [37].

Importantly, DiGuiseppi and collaborators using a cluster randomized controlled 
trial design found that merely distributing smoke detectors may not be effective in 
reducing injuries, and that they should be installed as part of the intervention in 
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order to be effective [13]. Another study found that some dwelling residents who 
received enhanced training along with smoke detector installation had a higher like-
lihood of maintaining the operational status after 1–3 years following the interven-
tion [19].

Other studies examine characteristics of smoke detector owners and the dwell-
ings they inhabit. These have included national-level studies, such as those done in 
England [16], and locally based efforts that were tied to local education campaigns 
[26, 35, 45]. Some studies have focused specifically on selected demographic 
groups [5, 33] or emphasized methodologies for analysis [15]. Still other evalua-
tions focused on interventions in specific building types, such as high-rise build-
ings [40].

Systematic reviews have found mixed evidence in several settings. Many reviews 
found that there were methodological limitations that made interpreting findings 
difficult. (DiGuiseppi & Higgins, Systematic review of controlled trials of interven-
tions to promote smoke alarms, [12]).

In 2019, a systematic review and meta-analysis of home fire safety programs 
found that more, larger, and high-quality studies were needed, but that the evidence 
presented supported the use of home fire safety knowledge and behavior [43]. Their 
study did not evaluate community-wide programs, but focused only on education 
programs.

A recent international evaluation of risk factors for residential fire casualties was 
undertaken with an emphasis on low and middle-income countries, where compara-
tively less research is undertaken. Nonetheless, the review supported identification 
of risk factors and areas of intervention that may be effective [44].

5.2.2  Something Is Better Than Nothing

However, each program does not have to be documented in a peer-reviewed schol-
arly publication. Reports published in trade publications or filed with libraries are 
very helpful for identifying best practices, as well as documenting the investment of 
time and resources as well as results in a given community.

Designing a program can be a challenge for smaller agencies. The inability to 
design an exemplary program should not stop agencies from pursuing their own 
public education campaign. Basic analysis of incident data, or analyses done in 
similar nearby communities may suffice to help target efforts.

The goal is to have an intervention where both outreach effort and end results can 
be measured.

Measures of effectiveness of fire education campaigns – ranked from simplest to 
most powerful can include [42]:

 1. Outreach – distributing educational materials widely.
 2. Knowledge gain or refresh – document acquiring information.
 3. Behavior change or maintenance  – information gained is shown to affect 

behavior.
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Fig. 16.5 Percentage of Households with working smoke alarms, England and Wales. (Source: 
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/
file/960052/fire- statistics- data- tables- fire0701- 110221.xlsx)

 4. Environmental change – actions taken to improve the safety of the environment 
(see Fig. 16.5). An increasing percentage of homes with working smoke detec-
tors is an important measure of environmental change.

 5. End impact – measurable change in loss or incidence, attributable to the effort. 
Source: Proving Public Fire Education Works.

5.3  Using National/Regional Campaigns Versus 
Custom Campaigns

National fire safety education campaigns can have advantages which were discussed 
previously, but they still require validation that their subject is a concern in the local 
setting, and that the vulnerable population can be adequately targeted. As national 
campaigns may rotate topics for year to year, it may be wise to continue a campaign 
rather than adopt a different message annually based on a national analysis of fire 
losses. Materials geared to a national audience may need to be adapted to be suitable 
for a local program.

5.4  Reaching the “Hard to Reach”

Although the term is itself controversial, many elements of society most vulnerable 
to fires are those that may be marginalized or have limited access to resources and 
information sources taken for granted by the mainstream population. Reaching such 
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groups takes special attention and increasingly engages people using influencers 
and social media [22]. Such basic steps as having materials translated into appropri-
ate languages are important, and many metropolitan fire services engage in such 
efforts. These efforts are formidable, and languages needs can change with migra-
tion patterns (Figs. 16.6 and 16.7).

Fig. 16.6 Singapore Civil Defense Force Trash Chute Safety poster (Malay) [46]

Fig. 16.7 Excerpt of Smoke Alarm Promotion Webpage (Finland) [18]
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6  The Future of Social Marketing/Safety Campaigns

Our traditional conception of public education marketing is rooted in face-to-face 
communication and analog media (posters, flyers, and door hangers). The advertis-
ing and social marketing space is increasingly moving to more digital media, as 
people communicate through cell phones, streaming media, and other channels [1]. 
This domain is adapting rapidly, and navigating choice about where and how to 
engage, as well as measure impact, is a specialized area that will require the exper-
tise of an advertising or marketing agency, especially in light of increasing privacy 
protections [34].

One of the advantages of digital advertising is the ability to potentially identify 
the target populations in ways that are more precise than can be done with aggre-
gated census data at present. Such outreach can also enable immediate engagement 
and gathering details on those reached with little investment in a field force of per-
sonnel going door-to-door. Importantly, follow-up contact is also possible.

Utilization of digital devices for consuming advertising and outreach varies, but 
they can be a preferred tool for outreach to certain segments of the “hard to reach” 
population [2]. Modern advertising campaigns use “multi-touch” approaches, in 
which multiple formats ad channels are used to reinforce the message. This may 
include social media, direct mail, email, web sites, and customized web pages tai-
lored to the campaign. Because of the evolving nature of this field, it is recom-
mended that an advertising expert be retained.

7  Conclusion

Fire safety education campaigns have demonstrated success in reducing the toll of 
fires. Despite emergence of good guidance materials for local fire services, effec-
tive, documented programs remain the exception rather than the rule. A shortage of 
well-documented programs has limited adoption of best practices. A highly decen-
tralized fire service, as found in the United States, also creates additional challenges.

Guidance documents for design of programs exist and are readily available. 
Nationally directed or regional efforts tend to be better designed, and significant 
results in terms of driving down fires and deaths were documented in multiple set-
tings. The use of advertising, social media, and best practices in social marketing is 
evolving with the changing media landscape and offers new opportunities to deliver 
messages, with a trade-off of greater complexity and need for expertise.

Partnership with academic institutions can be an effective way to acquire capac-
ity for design of measurable programs and can also develop institutional capacity to 
sustain programs. Documenting and reporting results of public education cam-
paigns is important to develop best practices and to justify resources committed to 
these programs at the agency level.
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Chapter 17
Targeted Interventions Towards Risk 
Groups

Johanna Gustavsson, Gunilla Carlsson, and Margaret S. McNamee

Abstract For a majority of individuals, either severely injured or deceased in resi-
dential fires, individual and environmental factors that increase risk are identifiable. 
Therefore, in order to further reduce injury, there is a need for fire safety pro-
grammes that target these individuals and groups. This chapter aims to shed light on 
how vulnerability to residential fires can be understood and present the basic 
assumptions for designing programmes targeting these individuals and groups. The 
problem is complex, requiring knowledge from several fields, and inspiration is 
drawn from public health, injury prevention and engineering. The chapter presents 
previous research on the topic, cases that exemplify implementation and the main 
barriers and facilitators for implementations.

Keywords Vulnerable · Disabilities · Older adults · Individualised fire safety · 
Residential fire · Implementation

It is apparent from section 1 that certain groups, especially older adults and people with alcohol/
drug abuse problems, have a disproportionate risk of dying in fires. How can interventions be 
targeted towards these groups? Are there any good examples of successful interventions in relation 
to these groups?
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1  Individuals with Increased Risk

The risk of injury in residential fires is unevenly distributed in the population, with 
individuals that can be described as vulnerable found to be over-represented in fire 
fatalities [5, 12, 24] (see Chap. 2 for further descriptions). There has been a steady 
decrease of fire fatalities in the developed world over the past decades, and the num-
bers are now historically low at the level of 5–10 cases/million inhabitants in many 
developed countries [1, 16, 25]. However, it appears that the downward trend in 
recent years has reached a plateau and that the decline in fire fatalities has not 
affected all population groups equally [17]. Thus, while measures of fire protection 
directed towards the general population are still useful, recent research emphasises 
that in order to further reduce fatalities, individuals with identified risk factors need 
to be prioritised in fire prevention [7, 28, 38, 42].

1.1  Determinants of Health

Human behaviour and health are complex and need to be understood from various 
perspectives. Scientific fields, like sociology, psychology and public health, present 
models that strive to explain factors that influence individuals’ health, so-called 
determinants of health. The World Health Organisation (WHO) includes the social, 
economic and physical environment together with an individual’s characteristics 
and behaviours in the determinants of health [41]. By mapping these variables in 
more detail, we can describe individuals with increased risk for injury or illness and 
design prevention accordingly. By tailoring preventative action to individual needs, 
the impact of the prevention is expected to the greater.

The determinants of health, or in the case of residential fires, the risk factors for 
injury, can be divided into two broad categories that interact with each other: indi-
vidual and environmental, see Table  17.1. Depending on the focus, theoretical 
models categorise the individual or the population in different ways. The World 
Health Organization defines personal factors as well as health and health-related 

Table 17.1 Examples of determinants of health

Individual determinants of health Environmental determinants of health
Personal 
factors

Health and health-related 
domains Individual Societal

Gender
Age
Lifestyle
Habits

Disease
Disability
Body functions
Activity and participation

Living 
conditions
Economic 
means
Family
Social network

Support functions, e.g. home 
care
Policy and regulations
Economic support
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domains as aspects of the individual, in the International Classification of function-
ing, disability and health (ICF) [40]. The personal factors are individual character-
istics such as gender, age, lifestyle and habits, which may play a role in the 
individual’s life and affect health and well-being. For example, a person knows that 
smoking has a negative impact on health, but he or she still might want to continue, 
because it is part of his or her habits and lifestyle. Health and health-related 
domains include negative aspects such as the prevalence of diseases and disability, 
but also the positive aspects of functioning in terms of body functions, activities and 
participation, i.e. what people need or want to do.

Over the course of a life span, the personal factors and health conditions vary, 
which means that people’s risk for injury varies. For example, children develop their 
physical and cognitive capacities to handle different situations as they grow up. For 
older adults, the natural degenerative processes might increase the risk for hazard-
ous situations, but above all multimorbidity and impairments place the individuals 
in vulnerable situations. However, people of all ages can have physical and cogni-
tive impairments, which can be of a more or less permanent nature like acute illness, 
paralysis, psychiatric symptoms or situational challenges due to intoxication.

The environmental factors are associated with a person’s living conditions at an 
individual level, but also at a societal level in terms of formal and informal social 
structures, services and overarching approaches or systems that have an impact on 
individuals. The social dimension, including support and relationships, is of utmost 
importance, where a functioning social network can compensate for individual 
shortcomings. The economic dimension is another environmental factor, where lack 
of economic means can increase risk, e.g. lacking means to buy safety equipment or 
to keep the house in good condition can impact the individual risk. Environmental 
factors also refer to people’s physical surroundings, the natural as well as the built 
environment [40]. The built physical environment seldom plays a central role in 
health models, but has a great impact on the risk of injury in residential fires.

Considering all these factors, and how they interplay, gives us a deeper understand-
ing of the variety in the risk of severe injury outcomes in residential fires, but also 
how the risks can vary within different groups. A combination of risk factors over 
an extended period of time can result in a very limited ability to prevent or mitigate 
risky situations.

Risk factors for fire fatalities are well described, with older adults as the most 
well-defined risk group [13, 15, 24, 35], an increasing problem given the predictions 
of an ageing society [32]. Risk factors that have been identified for older adults can 

A common source of  for fires causing human injury is cigarettes. Thus, while  
might not necessarily be a significant risk factor in terms of fire  for a healthy 
person that is well equipped to handle an  situation,  becomes a significant 
risk when combined with factors that lower the person’s capacity to handle 
the situation.

17 Targeted Interventions Towards Risk Groups
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be summarised in terms of three main factors; first, a decreased ability to prevent a 
fire incident; second, a reduced ability to respond to a fire incident and, lastly, a 
reduced ability to remove themselves from the fire scene. These circumstances 
exacerbate the situation leading to a fatality [43], and technical systems designed to 
reduce the risk of fires are compromised due to the natural physical and psychologi-
cal decline associated with ageing. For example, there are indications that tradi-
tional domestic smoke alarms may have reduced efficacy in this group due to 
impaired hearing [31, 34]. Technical systems can also fail due to misconceptions 
regarding installation of the system or where the risk might be most likely to mani-
fest itself. After investigating fatality cases among older adults, Cassidy et al. [8] 
concluded that a smoke alarm was often in place, but not ideally positioned. They 
suggest that smoke alarms should be placed in the bedroom and living room, as 
these rooms often are the rooms of ignition.

2  Individualised Fire Prevention Interventions

2.1  Models for Prevention and Promotion

When the field of injury prevention started to emerge, inspiration was drawn from 
the medical field where measures to promote health and prevent illness have a long 
history [37]. The assumption that health is not merely the absence of disease or 
infirmity, but a state of complete physical, mental and social well-being [39], high-
lights the fact that objective measures are not the only ones of interest, but that the 
individual’s subjective experience is also important in injury prevention.

Prevention and promotion are closely related. Promotion refers to increasing a 
person’s ability; in this case, the ability to handle an adverse event. If we think about 
the individual determinants of health, described in the previous section, some of 
these factors are modifiable, e.g. habits can change and aids can mitigate a disabil-
ity. Prevention, on the other hand, refers to hindering or moderating the adverse 
event and its outcomes; in this case, an event with negative health consequences. 
This relates to the environmental determinants of health where individual and soci-
etal aspects can be strengthened. Thus, prevention and promotion are complemen-
tary approaches where the desired outcome for both strategies is to increase human 
health and well-being and to hinder injury and/or illness. Note that prevention is 
often presented in three stages, primary (before), secondary (during) and tertiary 
(after), which in the field of injury prevention is often referred to simply as 
before – during – after.

Traditionally, fire safety engineering has focused more on the environmental fac-
tors in terms of technical or technological fire protection rather than interventions 
directed to specific individuals and their characteristics. Information campaigns are 
a common intervention when the individuals are addressed, while the use of fire- 
resistant clothing or the installation of sprinklers represents technical fire protection.

J. Gustavsson et al.
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Fig. 17.1 Application of promotion and prevention strategies to the scenario of mitigating the fire 
risk associated with smoking for individuals at risk. Inspired by Andersson [2], Tulchinsky and 
Varavikova [37]

Let us apply the concept of promotion and prevention to the scenario of a person 
dropping a cigarette. Prevention and promotion strategies could be illustrated as 
follows (see also Fig. 17.1): Promotion would mean striving to improve the ability 
to safely use the smoking device. For this to be possible, we need to know what is 
causing the inability to smoke safely, e.g. illness, intoxication, disability and anal-
yse whether this can be altered in some way, perhaps by assisting the smoker to quit. 
Primary prevention entails preventing the hazardous situation from occurring. For 
a fire, this could be to remove the source of ignition, in this case, the cigarette. 
Another solution could be to alter the cigarette in order to decrease the risk, such as 
switching to an e-cigarette. Secondary prevention refers to decreasing the negative 
outcome during an adverse event. If the person has dropped the cigarette and the fire 
has, or is about to, occur, a way of preventing injury could be to use ignition- resistant 
materials and/or devices such as self-extinguishing “fire-safe” cigarettes (see Chap. 
10 for further description). In the case of tertiary prevention, we strive to limit the 
negative consequences of the event, through adequate medical care and rehabilita-
tion; relevant measures depend on the severity of the injury.

This example demonstrates how personal and environmental factors interact in 
the individual situation and must be addressed in order to reduce the risk. Active 
interventions, which can often be used before the event, include choosing to change 
risky behaviour, replacing risky material and using suppression systems such as 
sprinklers; passive interventions must be made before the event, but work during the 
event includes the choice of ignition-resistant material.

2.2  Targeting Vulnerable Individuals and Groups

The decrease in residential fire fatalities can be attributed to different fire safety 
improvements, like smoke alarms, as well as to societal changes, with fewer people 
smoking; but certain vulnerable groups are overrepresented in the fire fatalities that 
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occur. Even though basic general fire protection measures benefit vulnerable groups, 
interventions need to specifically target vulnerable groups and individuals [18], e.g. 
people who are unable to react to alarms or who engage in risky smoking behaviour. 
Cassidy et al. [8], based on data from Northern Ireland, showed that most fire fatali-
ties involving older adults had working smoking alarms; nonetheless, older adults 
are overrepresented in the fire statistics. Overall, the goal for fire prevention target-
ing vulnerable individuals or groups is to compensate for the increased risk created 
by their specific combination of health determinants, theoretically linked to the con-
cept of harm reduction and a systems approach to safety [6].

The combination of risk factors increases the risk, either due to the increased risk 
of starting a fire, or to increased difficulty in responding to the fire. These are the 
two starting points for designing interventions; either to prevent the fire from occur-
ring, or to increase the ability to respond to the situation.

Another way of thinking about how risk can be mitigated is presented in Fig. 17.2. 
The risk appears in the intersection of individual factors, the activity performed and 
the environment, here sketched as a triangle perched on its apex. Certain individual 
factors such as age or gender cannot be changed; assuming that the activity itself is 

Imagine a person, living alone, unable to handle ordinary daily situations due 
to disability or substance abuse and a fire breaks out. What are their options 
for preventing injury? Essentially two – fire extinction or assisted rescue/. In 
this case, we are already beyond the phase of promotion and the different 
levels of prevention are key to facilitating the prevention of injury. Rapid 
response through active or passive systems and alarm of personnel to assist in 
rescue and recovery must be facilitated through primary, secondary and ter-
tiary prevention.

Fig. 17.2 Model for mitigation of risk through the implementation of support systems designed to 
improve the system stability by broadening the base of the triangle
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also not changed, environmental factors become critical. Such environmental fac-
tors can be adjusted to mitigate the individual factors and activity performed, e.g. 
individual habits, prevalence of disability and other determinants of health, which 
might be changed. In other words, the individual performs various everyday activi-
ties, e.g. brewing coffee, cooking and smoking. These activities can be adapted to 
decrease the risk of injury, e.g. by using another strategy, smoking outside instead 
of inside the home, or adapting the environmental features, using e-cigarettes 
instead of incendiary cigarettes. However, an unwanted consequence might be that 
the value of the activity also changes for the individual due to these changes [14], 
thereby reducing its value to the individual.
The activities occur in an environment that is more or less supportive. Examples of 
a supportive environment are reduced presence of flammable material and the 
installation of a stove guard in the kitchen or a timer on the coffee machine. A stove 
guard or a timer for the coffee machine might not be necessary for many people, but 
provide critical support for others. For a person with cognitive decline, these envi-
ronmental details might be necessary to decrease the risk of fire and associated 
injury. Figure 17.2 exemplifies how the implementation of mitigation strategies can 
provide additional support that compensates for individual shortcomings, adding 
stability to the original risk triangle by broadening the base.

2.3  Intervention Programmes

This section describes the proposed and tested interventions for fire prevention, 
targeting individuals with heightened risk, which have been presented in the scien-
tific literature. The interventions all include versions of the following three phases: 
identification of risk groups or individuals, risk assessment and evaluation of needs 
for fire safety measures. Most intervention programmes include some form of pre-
ventative home visit as part of the identification phase. The visits may have a variety 
of structures and content, but all contain elements of seeking out vulnerable indi-
viduals and evaluating the needs for preventative measures. General home visits or 
canvassing campaigns, which target a broader and more general population, differ 
from targeted campaigns which approach individuals identified as “at risk” from the 
outset. In canvassing drives, campaigners knock on doors and offer information and 
risk evaluations to all who answer, independent of apparent risk. However, there is 
an overlap between the methods, as canvassing campaigns will identify specifically 
at-risk individuals and home visits for vulnerable groups can be directed to both at- 
risk individuals and at-risk communities, where the latter is similar to a canvassing 
campaign. Thus, while home visits can be effectively targeted at households judged 
to be at most risk, resources directed to community awareness can help identify 
these individuals, and information sent to many will also reach at-risk individuals.

In the first step, to detect individuals or households at risk, different registers can 
be helpful. Arch and Thurston [3] used the general practice registers to detect those 
older than 65 years of age who might have a heightened risk, such as individuals 
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living alone. One method which has been proposed to identify high-risk communi-
ties is through fire incidence rates [9] and household income in a geographical area 
[4]. It should be noted, however, that it is not clear that areas with the highest num-
ber of fires are necessarily those that have the highest number of fire deaths. Nilson 
and Bonander [30] found that fires occur most often in middle-class households, 
while these are not those fires that most often result in fatalities or serious injury. 
Tillett [36] describes another example of how to systematically identify vulnerable 
communities based on including the proportion of children 14 and under, adults 65 
and over, persons with a disability, black and Hispanic populations combined into 
one minority category, the under-educated, families below the poverty line and the 
number of multifamily housing structures. These variables were found to be reliable 
from a US perspective, but it is uncertain whether they are relevant in other national 
contexts. Regarding the identification of older adults at risk, Cassidy et  al. [8] 
showed that 86% of fire fatalities in this group had regular contact with a person 
who could have identified the risk. This person was a relative, social worker or 
health care staff who could be a resource in the preventative work.

The next two steps, risk assessment and evaluation of fire protection needs, are 
less well described in the literature. In Sweden, the Swedish Civil Contingencies 
Agency (MSB), the agency responsible for issuing guidance concerning fire emer-
gency management, has provided guidelines for individualised fire safety (IFS) 
[29]. The guideline suggests ways of assessing risk and needs, including risky 
behaviour and lack of a serviceable smoke alarm. In this phase, the importance of 
collecting consent and respecting personal integrity is also emphasised [29]. The 
importance of contextualisation of interventions is emphasised in the guidelines 
from MSB, but a methodology recommended by MSB typically includes contact 
between the municipality and the individual (perhaps through social services or the 
fire and rescue services (FRS)), assessment of IFS needs, implementation of sup-
port, documentation of support, annual review and re-evaluation coupled to poten-
tial updates to the IFS needs and support [20].

Applying a social science approach to fire prevention can contribute new per-
spectives [21]. Gjøsund [19] describe preventing fire for vulnerable groups as a 
‘wicked problem’, i.e. (1) there are challenges that transcend sectoral boundaries; 
and (2) they span several public agencies, thereby involving different areas of policy 
across several political-administrative levels [22]. This creates multi-organisational 
challenges since many barriers or measures are the responsibility of more than one 
stakeholder. To mitigate this, the institution of one central contact person, who spe-
cialises in fire prevention among vulnerable groups, is recommended. Further, it is 
suggested that the local FRS are ideal partners for implementation [9], but that it can 
be useful to involve other local actors and volunteers [4].

There are inherent methodological challenges to evaluating community interven-
tions, including economic, ethical and practical aspects [33]. Further, secular trends 
and general societal changes need to be taken into consideration. Regarding the 
efficiency of the interventions mentioned here, the results are inconclusive. When 
evaluating multifaceted programmes, it is difficult to determine causality with 
regard to which components of the programme were effective. Media and 
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community education showed little benefit in non-randomised trials [11]; smoke 
alarm installation is included in most programmes [3, 4, 9, 23] and could potentially 
be the effective component, but we simply do not know for sure. Further, there are 
signs that individual visits have an initial positive effect and that the effect tends to 
decrease over time [23]. Indeed, Breslin et al. [7] suggest that repeated visits might 
be needed. In this chapter, examples and suggestions of how to design prevention 
programmes are presented. Nonetheless, the effectiveness of fire community risk 
reduction programmes needs to be further evaluated [18].

2.4  Case Description

Two examples have been selected to exemplify the process of how municipalities in 
Sweden have chosen to work with and implemented IFS. No single method has 
been chosen across the board, and as the municipalities themselves are varied, so 
must the approach be. The first case represents a small municipality which has used 
home care to leverage expertise in the FRS to evaluate fire risk and develop IFS 
interventions. The second case represents one of the largest municipalities in 
Sweden, which has chosen a more general approach with the aim of reaching many, 
while at the same time identifying those most at risk.

During 2017, a study conducted by the FRS in Northwestern Skåne, a region in 
the south of Sweden, concluded that 90% of all fire fatalities occur in dwellings and 
that a number of risk groups, in particular elderly people, are overrepresented among 
these fatalities. As many of these older individuals particularly at risk for fire fatali-
ties are in contact with local home care providers, a collaboration was initiated 
between the FRS and home care workers to provide IFS for these citizens. In 2018, 
a project focusing on one of the smaller municipalities in the region was started to 
identify the needs of older individuals receiving care in their homes, and where pos-
sible to meet those needs through adaptation of the home environment to improve 
fire safety. The project resulted in education of home care personnel in fire risk 
assessment of dwellings, the development of a checklist on fire risks which can be 
used to re-evaluate risk on an annual basis (synchronously with other health evalu-
ations), and the development of a process for evaluating and funding adaptation of 
private dwellings to improve individual safety. Further, a decision was taken to 
include fire alarm features in all personal alarm services for older persons in the 
community. The project was seen to be a resounding success and its expansion is 
planned to neighbouring municipalities.

The situation for a small municipality is significantly different to that of a large 
municipality. The number of individuals in risk groups and the scale of home care 
is significantly larger in a large municipality. The potential to reach more individu-
als is higher, but the organisational threshold to make decisions concerning changes 
in routines is also significantly higher. In the case of one of the largest municipali-
ties in Sweden, the approach has been more generalised with a focus on the provi-
sion of information and offer of assistance. In the case of individuals with home 
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care, a checklist has been developed with four simple questions to evaluate whether 
individuals require specialised fire protection. Information concerning the checklist 
is available through the fire service website but requires active retrieval from the 
home care providers and is optional rather than incorporated into the annual routine. 
Further, for individuals who do not receive home care, fire risks are identified only 
after a fire incident. In this case, a personal letter will be sent to the individual offer-
ing support to improve fire safety. There is no follow-up concerning the letter should 
the individual not choose to contact the fire service as offered. A variety of activities 
have been attempted in the region where this fire service is active, but it is difficult 
to maintain momentum when the organisation is geographically distributed and the 
hierarchical structure is complicated making changes to routines difficult.

3  Implementation Barriers and Facilitators

In the beginning of this chapter, we establish the complexity of IFS. The process of 
implementation is no exception and, as several barriers have been identified, reflects 
this complexity ([20], under rev). A programme for IFS needs to incorporate a sys-
tematic approach and help identify the actual remediation measures needed.

Individualised fire safety also requires cooperation between municipal sectors, as 
well as close interaction with the risk-prone individual. Nevertheless, there are 
some inherent advantages to this type of intervention. Factor working in favour of 
IFS is that programmes can easily be adapted to local circumstances and tested 
stepwise, with ample opportunity to make necessary modifications along the way. 
Another factor that inherently supports IFS is that initiatives that aim to improve fire 
safety are generally well received.

Two vital stages of implementation that are necessary at the outset as a prerequi-
site to success are political support for the implementation and the determination of 
the stakeholder responsible for the implementation. In Sweden, the FRS are respon-
sible for fire protection; but they perceive an uncertainty regarding whether they 
have a mandate to take action. Designing and implementing fire safety for risk 
groups often require cooperation between social services, health care and fire and 
rescue services [19], highlighting the need for establishing roles and responsibilities 
at an early stage to avoid jurisdictional conflict. Such cross-sectoral cooperation is 
found to be challenging, both to organise and maintain. Even if fire protection is 
considered important, it is a relatively a rare problem in that it is difficult for some 
agencies to prioritise it relative to other pressing needs.

The lack of means, both monetary and other, can also be a significant barrier. 
This also relates to the question of responsibility, as it related to the integration costs 
for IFS into the organisational budgets and planning. In cross-sectoral cooperation, 
differences in norms and traditions can also create a barrier to success. FRS have the 
expert knowledge about fires, but focusing on IFS can be viewed as an unfamiliar 
task that differs from their core responsibility (i.e. responding to incidents). As 
resources in the public sector are seriously strained, interventions need to be 
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designed in a doable way. Instead of adding new tasks, new items can be added to 
existing tasks, e.g. quality routines and safety rounds. As the target population are 
often marginalised reflecting underlying social determinants of health [18], fire 
safety can preferably be combined with other preventative measures. To be able to 
identify these processes requires substantial knowledge about the organisation and 
its workflow and a designated position within the FRS has shown to be beneficial in 
bridging the gap between organisations [27]. Another important factor relates to 
finding ways to follow up the preventative work. Developing indicators to measure 
effects can be an effective facilitator, promoting sustainable programmes [26].

An aspect rarely mentioned is the lack of perceived need for fire protection 
among risk-prone individuals. When overcoming organisational barriers, it is pos-
sible that we encounter an individual who has a different agenda, and who is not 
willing to make adjustments, regarding lifestyle or environment [10]. When looking 
at fatal fires among older adults, risky behaviour was noted prior to the event in 
43.4% of the cases [8], indicating that barriers to motivate behavioural change can-
not be neglected.

4  Summary and Conclusions

In this chapter we argue that for fatal fires to continue to decrease, fire prevention 
needs to specifically target individuals with an increased risk of injury in residential 
fires. To do this, it is important to understand the underlying mechanisms of vulner-
ability for such individuals, the so-called determinants of health [33]. These involve 
the activity itself, individual and environmental factors, as well as the physical envi-
ronment that all impact the level of risk. Among the identified groups with an 
increased risk, elderly adults were found to be those best defined. Other identifica-
tions of risk groups, however, traditionally include people with mental illness and 
those with severe substance abuse.

When designing programmes targeting risk individuals, the overall goal is to 
compensate for the factors that increase the risk and either prevent the fire from 
occurring or increase the ability of an individual to respond adequately to the situa-
tion. In this case, the concepts of promotion and prevention can be useful, and mea-
sures to prevent injuries can be applied before, during and after an event.

Experiences from the implementation of individualised fire safety programmes 
in Sweden, in combination with current research evidence, provide guidance on 
how to design and implement interventions. Factors that can be leveraged to break 
down barriers for successful individualised fire safety programme are context- 
dependent but typically include, although are not limited to:

• Political support and identification of stakeholders.
• Allocation of sufficient economic means in the budget of responsible stakeholders.
• Engagement of the fire and rescue services.
• Activities to mitigate difficulties with inter-sectoral cooperation.
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• Identification of risk groups.
• Adaptation of IFS programmes to the specific local setting.
• Integration of the programme into existing procedures (if possible) as a way to 

ensure programme longevity.

Finally, there is a clear need to tailor any programme to the individuals involved 
as individual motivation is expected to be key to programme success. Indeed, the 
motivation or lack thereof for fire protection among risk-prone individuals has been 
identified as a topic worthy of more focused future research, along with the need of 
effective evaluation of implemented programmes.
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Chapter 18
Residential Fires in Metropolitan Areas: 
Living Conditions and Fire Prevention

Nicklas Guldåker, Per-Olof Hallin, Mona Tykesson Klubien, 
and Jerry Nilsson

Abstract This chapter addresses the benefits of geo-statistical approaches in fire 
prevention processes, especially in the prevention of residential fires in urban areas. 
The aim is to demonstrate how residential fire incidents can be theorized and placed 
in a context where geo-statistical techniques and an area-based approach can sup-
port the emergency services fire prevention work. The chapter introduces theoretical 
concepts such as Fire Risk Environment, Fire Protection Capability, as well as 
determining factors, types of residential fires, and various hypotheses for further 
analysis of residential fires in urban contexts. Key themes are the development of 
residential fire incidents in different metropolitan areas over time, how different 
types of residential fires can be connected to living conditions, and finally how the 
emergency services and other actors can work with area-based fire prevention. 
Examples from Sweden’s major cities and especially the city of Gothenburg are 
used. The results show that variations in spatial residential fire patterns can be 
explained by a variation of living conditions. The conditions may also look different 
depending on the residential area and housing conditions, and therefore, preventive 
strategies and proactive measures should differ between and within cities and be 
adapted to specific different areas.

N. Guldåker (*) · M. T. Klubien 
Faculty of Social Science, Department of Human Geography, Lund University, Lund, Sweden
e-mail: nicklas.guldaker@keg.lu.se; mona.tykesson_klubien@keg.lu.se 

P.-O. Hallin 
Faculty of Culture and Society, Department of Urban Studies, Malmö University,  
Malmö, Sweden
e-mail: olof.hallin@mau.se 

J. Nilsson 
Region Skåne and Faculty of Culture and Society, Department of Urban Studies, Malmö 
University, Malmö, Sweden
e-mail: jerry.nilsson@mau.se

© The Author(s), under exclusive license to Springer Nature 
Switzerland AG 2023
M. Runefors et al. (eds.), Residential Fire Safety, The Society of Fire Protection 
Engineers Series, https://doi.org/10.1007/978-3-031-06325-1_18

mailto:nicklas.guldaker@keg.lu.se
mailto:mona.tykesson_klubien@keg.lu.se
mailto:olof.hallin@mau.se
mailto:jerry.nilsson@mau.se
https://doi.org/10.1007/978-3-031-06325-1_18


308

Keywords Fire risk · Fire Prevention · Residential fires · GIS · Living conditions · 
Urban areas

1  Introduction

GIS-based analyses of fire incidents in urban contexts are quite frequent worldwide 
and in the research literature [1–3]. Different geovisualization methods are used to 
clarify patterns of residential fires or other incidents in different metropolitan areas 
[4, 5]. Spatial approaches are also applied for theoretical and practical purposes, 
such as risk modeling, linking fires to socioeconomic variables, theorizing and 
developing hypotheses about the causes of fires, and to analyze different types of 
fire incidents on various geographical scales within a selected area, e.g., a city, 
region, or nation [6, 7]. The purposes and approaches of different GIS-based meth-
ods vary, but they give valuable input to strategic decisions to rescue services and 
other related authorities and organizations [8].

The spatial dynamics of residential fires are complex and related to a variety of 
causes. In order to analyze these causes more thoroughly, different spatial, statisti-
cal, and theoretical approaches can be applied. An overall challenge is how these 
approaches actually can be combined and develop the analysis of residential fire 
incidents on different geographic scales. Another important concern is how these 
approaches can be useful for both researchers and practitioners in a more orga-
nized way.

Although GIS-based methods have been applied extensively to study fire inci-
dents, relatively few examples are found in relation to the rescue services’ preven-
tive work on residential fires. Some scientific approaches contain spatial and 
temporal studies of structural fires for prevention of fires in a planning context and 
fire response [9], the use of GIS to increase understanding of the relationship 
between fires and the built environment [10], or the investigation of intentional fires 
and socioeconomic conditions as a support for fire prevention measures and fire 
safety policies [11]. Other related studies include development and implementation 
of spatial models to target services based on risks [12, 13], the exploration of differ-
ent spatial methods for rescue services [14], and theoretical approaches to fire pre-
vention and the analysis of spatiotemporal patterns of residential structure fires [15]. 
In several studies, GIS-based methodologies have been applied and implemented in 
planning processes in order to mitigate fire risks and improve fire safety [6, 16–18]. 
In this context, geovisualization is an appropriate visual method for presenting and 
communicating large datasets and the result of spatial analyses [19, 20]. Fire risks 
or fire incidents are often envisioned through maps, diagrams, and figures, where 
reliability of these visualizations is affected by the quality of data, accumulated 
errors in the analysis process, and different settings such as used spatial method, 
scale, bandwidth, and choice of visualization technique [4, 5, 21].
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Thus, there is a need for more comprehensive and validated use of geo-statistical 
approaches in (residential) fire prevention processes. In this chapter, we aim to dem-
onstrate how residential fire incidents can be theorized and placed in a context 
where geo-statistical techniques and an area-based approach can support the rescue 
services fire prevention work. The content of the chapter is based on research and 
results from a multiyear study on residential fires in metropolitan regions in 
Sweden [7].

The chapter introduces a theoretical discussion on Fire Risk Environment, Fire 
Protection Capability, as well as determining factors, types of residential fires, and 
various hypotheses for further analysis of residential fires in urban contexts. Key 
themes addressed in the chapter are the development of residential fire incidents in 
different metropolitan areas over time, how different types of residential fires can be 
connected to living conditions, and finally how the emergency services and other 
actors can work with area-based fire prevention in metropolitan areas. In the chap-
ter, Sweden’s major cities and especially the city of Gothenburg are used as 
examples.

2  Theoretical Points of Departure

This section presents the theoretical points of departure of the chapter.

2.1  Fire Risk Environment and Fire Protection Capability

Every home and building can be seen as environments where fire can occur. 
Therefore, the Fire Risk Environment can be defined as the individual, social, and 
technical conditions that affect the probability that a fire incident will occur [22]. 
People, house types, building structures, technical systems, and possible fire sources 
vary and therefore constitute different types of fire risk environments. Knowledge, 
intentions, personal characteristics, people’s and group’s vulnerability, or over-
crowding in an apartment building can affect the probability of a fire incident. 
Technical deficiencies or poor maintenance can also lead to technically caused fire 
incidents. Taken together, the building, the dwelling, and the occupants constitute a 
fire risk environment that can be analyzed on the basis of different scales, such as 
the dwelling/household, the building, and the residential area.

Individuals, households, and other actors can prevent and manage fire incidents 
themselves. This can be referred to as Fire Protection Capability. With regard to 
residential fires, FPC can be defined as the knowledge and ability of individuals, 
households, and other actors to prevent and manage fire incidents in residential 
buildings [22].
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In Sweden, it is unclear how large the proportion of unreported fire incidents in 
some residential buildings and residential areas are compared to others. Perhaps this 
difference is because the ability to handle fire incidents in different households dif-
fers. Some studies indicate that many residential fire incidents are handled without 
the intervention of the rescue service. In a study of house fires in the UK and 
Australia, over 75% of the fires were self-extinguished or managed by people [23]. 
In Sweden, it is stated that about 24,000 residential fires occur annually, of which 
about 6000 are alerted to the rescue service [24]. Thus, there is an extensive Fire 
Protection Capability in many households and in the general population [25, 26]. 
Differences between residential areas could in that case depend on how well a fire 
incident is handled. The Fire Protection Capability is normally influenced by differ-
ent factors, such as individual characteristics and social conditions, socio-technical 
conditions, and fire conditions [27].

Factors that directly affect the Fire Risk Environment, i.e., the probability of a fire 
incident, may be of a different nature. From an individual and social perspective, 
fire incidents occur either through an intentional or unintentional act. Intentional 
fires are likely to occur due to norm-breaking behavior or mental illness. In the latter 
case, forgetfulness, inattention, handling defects, cooking mistakes, or sleep can 
lead to fires. Disability, age, addiction, risk behaviors, and also how long periods of 
time people stay in their homes are all factors that can affect the probability of a fire. 
During the ongoing pandemic with covid-19, fire incidents may increase in homes 
where people residing around the clock and possibly become ill. Social factors can 
be overcrowding and cooking habits. Technical conditions such as the age of the 
technology or incorrect installations of electrical or heating systems, as well as poor 
maintenance, are all examples of technical factors that can affect the probability 
of fire.

2.2  Determination Factors

There are several scientific studies and reviews of determining factors for residential 
fires [11, 28–32]. For the most part, various statistical correlation or regression anal-
yses are performed. Often no distinction is made between direct and underlying 
(indirect) determinants. Common direct determinants that show a connection to fire 
risks are, e.g., mental health, disability, alcohol use, smoking, and the proportion of 
residents who have installed smoke alarms. The underlying determining factors 
consist of various types of socioeconomic data such as unemployment, proportion 
of people with foreign background, single parents, age, income, proportion of empty 
residents in an area, but also factors such as the building’s technology and 
construction.
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2.2.1  Direct Determination Factors

Based on the definition earlier in this section, the Fire Protection Capability is very 
much related to the knowledge and abilities that residents and externals have to 
prevent and manage fire incidents. This knowledge can be of different kinds. It can 
be declarative, i.e., expressed verbally or in symbolic form and be tested. An exam-
ple is that residents know that smoke alarms are useful and that they should have 
one. Functional knowledge can be translated into action and is often tested by a 
person who has learned to solve a concrete problem or a task [33]. To take smoke 
alarms again as an example, it is about knowing how to set up, replace the battery, 
and test it. Ability is about having the resources to be able to translate declarative 
and functional knowledge into practical action. If residents do not have access to 
smoke alarms, tools, or the physical ability to set it up and test it, the knowledge 
does not do much good.

Proactive Fire Protection Capability is about both declarative and functional 
knowledge and rely on people’s ability to assimilate information. Resident’s lan-
guage skills, their level of education, or own and others’ experiences can also influ-
ence this capability. Reactive Fire Protection Capability is mainly based on 
functional knowledge and ability, i.e., how to act when different types of fire inci-
dents occur. Individual characteristics such as disability, age, or drug addiction or 
social conditions such as the number of people in the home are some important 
factors that affect the reactive Fire Protection Capability. Post-active Fire Protection 
Capability is about acquiring knowledge and experience of incidents that have 
occurred and translating this awareness into a proactive action [22].

2.2.2  Indirect Determination Factors

Behind the direct determination factors for residential fires are other elements that 
have a more indirect impact on fire risk environments and Fire Protection Capability. 
Below are some important underlying determining factors that can affect people’s 
fire risk environments and the Fire Protection Capability they develop.

Having a job leads to better financial conditions and opportunities to choose type 
of accommodation and residential area. Unemployment often leads to lower 
incomes. State and social assistance, financial transfers from others, and accumu-
lated reserves of capital and funds can compensate for reduced earned income from 
work. However, unemployment and reduced income over a longer period usually 
means limited choices regarding type of housing but also an increased risk of social 
stress. It can also lead to more time spent in the homes, having more activities there, 
and thus the number of fire incidents may increase.

Education is one of the most central factors behind the opportunities to get a job 
and thus an economic standard with opportunities to choose the form of accommo-
dation and residential area. A low level of education can in itself, and sometimes in 
combination with a migrant background and shortcomings in language skills, lead 
to difficulties in assimilating various forms of information about fire safety. Despite 
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the fact that basic fire safety is generally well translated from one cultural context to 
another, there may be differences in knowledge depending on whether residents 
migrate from an environment where fire safety is more or less applied.

Low income or dependence on income support limits the opportunities to choose 
housing in the housing market. As indicated above, this factor can be linked to 
whether residents have jobs or are unemployed. The consequence of low income 
can be overcrowding and/or that residents are forced to live in homes or residential 
areas with low or neglected maintenance. Rubbish, damage, and poor cleaning in 
common areas in apartment buildings can lead to the presence of flammable mate-
rial in combination with the fact that it signals that no one cares about the residen-
tial area.

Overcrowding can increase the probability that a residential fire will occur when 
cooking, lighting candles, children playing with fire, etc. Homes with many chil-
dren and adults seem to have a greater fire risk than smaller family units [34]. 
Overcrowding can also lead to many children and young people staying outside the 
home, but with lower social control and an increased risk of intentional fire setting 
both indoors and outdoors [11, 35].

Age and sex can matter in several ways. Older people, and especially those with 
various disabilities, may be at greater risk of having a fire, but also of having a 
poorer Fire Protection Capability in the event of a fire incident. In addition to the 
very oldest age group, men are strongly overrepresented compared to women when 
it comes to fatal fires. In general terms of intentional fires in metropolitan areas, it 
is often a teenage problem where boys and adolescents are overrepresented [35, 36].

Single parents, and especially in combination with low incomes and shortcom-
ings in language skills, can give rise to social and economic stress [37]. This in turn 
can lead to difficulties in maintaining attention, parental authority, and setting 
boundaries for children’s behavior.

Various forms of mental and physical illness can lead to more fire incidents at the 
same time as the ability to detect and manage them is lower. High levels of ill health 
in a residential area may indicate that there is an overrepresentation of people with 
risk behaviors regarding fire and thus a reduced Fire Protection Capability.

Being born abroad and moving to a new country can pose major challenges that 
affect fire protection capabilities. The level of knowledge of the official language of 
the new country can affect the ability to communicate and assimilate information 
about fire safety. It also affects the opportunities to acquire knowledge of how to act 
in the event of a fire, or when a fire develops, and the ability to communicate with 
others including rescue services. Traditions and habits from the original home coun-
try can also affect the Fire Protection Capability. For example, high use of cooking 
oil or spending a lot of time cooking can increase the risk of accidents connected to 
the stove.

Low incomes among residents mean that the choices in the housing market are 
limited and that there is a concentration of low-income earners in certain residential 
areas, preferably with rental apartments. This in combination with the fact that 
many with low incomes have a foreign background that leads to ethnically 
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segregated areas where fewer residents speak the official language of the country. 
However, not speaking the official language of the country does not have to be a 
barrier to fire safety in homes in these areas, especially if information about fire 
safety is available in different languages. But it can lead to fire prevention not being 
given priority because of, e.g., stressful living conditions, experiences from previ-
ous types of housing (informal and formal), or varying trust in authorities.

2.3  Geo-Statistical Approach on Residential Fires

In a socially fragmented city, the underlying determining factors often are unevenly 
spatially distributed. In order to determine the extent to which they affect the occur-
rence of different types of residential fires in different residential areas, statistical 
analyses need to be carried out. In addition, residential fires need to be analyzed and 
mapped in GIS in different ways to show how they vary within and between cities. 
Later in the chapter, a GIS-based approach is applied in the city of Gothenburg in 
Sweden as an example. The purpose of the geo-statistical approach is to show pos-
sible socio-spatial differences, but also to develop proactive proposals on how to 
work fire prevention in different residential areas.

2.4  Types of Residential Fires

Residential fires can be categorized in several ways, for example by fire ignition or 
fire losses, or by human or nonhuman action [38–40]. In this study, the residential 
fires registered by the rescue services in Swedish metropolitan areas are classified 
into three main groups or types depending on their causes [22].

 1. Intentional fires can be seen as an expression of norm-breaking behaviors or 
mental illness. The intentional act of setting things on fire can be related to a 
conflict or to hide other crimes. In many cases, there are other motives behind, 
such as thrill seeking, boredom, or serious play with fire [35]. Intentional fires in 
buildings often take place in common areas in apartment buildings, e.g., stair-
wells, basements, and attics [41].

 2. Unintentional (accidental) fires due to human behavior can occur due to various 
activities and where the ability to prevent, detect, and prevent them is insuffi-
cient. Stress, forgetfulness, inattention, disability, decreased level of conscious-
ness due to intake of alcohol, drugs, or medication, or accidents can lead to fire 
incidents [27]. Common causes or activities are cooking, smoking, using can-
dles, etc.

 3. Residential fires caused by technical errors, e.g., electrical faults, work pro-
cesses, or other causes can occur as a result of defects in technical equipment or 
neglected maintenance. They can also take place during maintenance work in a 
residential building or be related to the heating system such as chimney fires 
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[42]. Residential fires with other causes are also fires where the rescue services 
cannot determine the underlying causes. Residential fires that occur because of 
children playing with fire or fireworks have also been placed in this category. 
Children’s play with fire can be said to be a form of intentional fire, but which 
cannot be directly linked to pronounced motives and can moreover be due to 
trill-seeking, ignorance of the individual, and lack of control from adults [36]. 
The categories of other and unknown fires are treated overall in this context and 
not as specific types of residential fire in the geographical reporting and analy-
sis below.

2.5  Modeling of Causes of Residential Fires

Although it is possible to demonstrate statistical correlations between the occur-
rence of different types of residential fires and the underlying determining factors, 
it is not the same as having a causal relationship. As an intermediary, different hypo-
thetical arguments can be applied and tested to highlight the dynamics between 
direct and indirect determining factors. Following hypotheses exemplify possible 
causal links between different types of fires and underlying determining factors. 
The hypotheses are also spatially valid in that they can be linked to residential areas 
with specific socioeconomic and demographic conditions [22].

Hypothesis 1 Inattention and forgetfulness lead to an increased risk of fire in a 
home. Unintentional residential fires can affect most people. Fire incidents are most 
often handled by household members and rarely require support form rescue ser-
vices. There should be an overrepresentation in residential areas with many single 
elderly people (reduced mobility) or young people living alone (outdoor life and 
alcohol).

Hypothesis 2 Abuse of alcohol and drugs, mental illness, or disability lead to an 
increased risk of fire in the home. These accidental fires can affect most people but 
above all risk groups. Fire incidents are handled less often by the individual and 
usually give rise to operations from the rescue service. There should be an overrep-
resentation in residential areas with many people with risk behaviors, e.g., people 
with substance abuse, mental illness, physical disability, and people who over fill 
their homes with things (so-called collectors). In this group, there is a higher risk of 
fatal fires.

Hypothesis 3 Overcrowding, specific cooking habits, and difficulties in assimilat-
ing information in the prevailing language can lead to an increased risk of fire in the 
home. This applies to residential fires that occur in living environments where peo-
ple live crowded and use a lot of oil in their cooking. Fire incidents can be handled 
by residents but often require operations from the rescue service. There should be 
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an overrepresentation in residential areas where many families have a foreign back-
ground, live cramped in their homes, and use a lot of oil in their cooking.

Hypothesis 4 Behaviors that lead to an increased risk of intentional fire setting in 
and around residential buildings. This type applies to residential fires that occur in 
residential areas with low social control and many young people with norm- breaking 
behaviors or where there are people with mental illness. In most cases, intentional 
fires occur in common areas such as basements, laundry rooms, garbage rooms, and 
attics. Intentional fires usually cause a rescue service operation. There should be an 
overrepresentation of this type of residential fires in residential areas with unstable 
family conditions, overcrowding, neglected care, and maintenance.

The analysis examples below relate only to a limited extent to how these hypoth-
eses can be applied, but they can, based on previous research results [22, 43], work 
as a point of departure for further analyses of residential fires in metropolitan areas. 
The hypotheses are particularly important in the area-based fire prevention work, 
which is exemplified at the end of this chapter.

3  Data and Methods

This section presents the datasets and methods used in this chapter. There are also 
references to more detailed descriptions in previous research.

3.1  Data

The dataset used in this chapter has its origin in several Swedish agencies and orga-
nizations. The statistical dataset on residential fire incidents and socioeconomics 
from 2007 to 2015 is based on 853 subareas from 16 municipalities and 5 different 
Emergency services in Sweden covering the three largest metropolitan areas in 
Sweden [44].

The fire dataset provided by the Emergency Services Gothenburg over the city of 
Gothenburg consists of 2797 residential fire incidents from 2007 to 2015. The data-
set includes positions (X- and Y-coordinates) of residential fire incidents as well as 
a diversity of information about assessed causes of fire, addresses, starting places, 
and starting times of fires. Residential data and additional geodata are collected 
from the city of Gothenburg and Statistics Sweden. ESRI’s basemap Human geog-
raphy Map (without labels) is used as background.
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3.2  GIS and Statistics

In this chapter, the statistical approach in Sect. 4.2 is based on an indexation (social 
index) of the variables, education level, employment rate, and disposable average 
income. In previous studies, these variables have been linked to analyses and expla-
nations of differences in living conditions between different areas within and 
between cities [7, 37]. These variables have also been shown to correlate with resi-
dential fires in various major Swedish cities [44].

Different methods for geovisualization – point data, kernel density, and chorop-
leth mapping – have been applied to increase the possibility for spatial analysis of 
residential fires (Sect. 4.3). Earlier studies show that each method itself has limita-
tions regarding analytical depth and visualization of fires, but that, in combination, 
they can improve the possibilities of targeting different forms of area-based fire 
preventive measures [5]. The kernel density map is combined with a map layer over 
living conditions, which is an indexation based on eight socioeconomic and demo-
graphic variables from 2016 to 2018. This index has been applied in previous 
research in order to analyze the geo-statistical relationship between living condi-
tions and crime [37, 45]. The index is based on the variables, marital status (single 
parents), number of children between ages of 0–15, number of adolescents between 
the ages of 16–19, population per square kilometer, descent, employment rate, and 
income. Many of these variables have been presented above as indirect determi-
nants of residential fires. Populated areas in Gothenburg are mapped in 250 × 250 
meter grids.

3.3  Study Area

In this chapter, the GIS-based visualizations of residential fire data are demonstrated 
using the municipality of Gothenburg as an example. Gothenburg is the second larg-
est city in Sweden, with more than 1300 inhabitants per km2. The municipality have 
about 582,500 inhabitants (2020) and more than 286,000 residences. Over 81% of 
the residences are rented or cooperative apartments in apartment buildings [46]. The 
city of Gothenburg is characterized by a social, economic, and spatial division 
spread over a large surface (447.76 km 2). Between 2008 and 2020, the population 
has increased by over 7000 people per year, a total of over 86,000 inhabitants for 
these years [46]. This continuous influx of new residents, especially to apartment 
buildings, has probably contributed to increasing the number of reported residential 
fires in the city.
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Fig. 18.1 Residential fires per 1000 inhabitants in four emergency services organizations in 
Sweden 2007–2017

4  Residential Fires and Living Conditions

This section addresses how residential fire incidents in different (Swedish) metro-
politan areas have developed between the years 2007–2017. The section also exem-
plifies how different GIS-based methods can be applied effectively to present, 
analyze, and help explain the spatial patterns of residential fires in the city of 
Gothenburg. In the section, the geo-statistical relationship between different types 
of residential fires and underlying indexed determining factors/living conditions is 
presented and analyzed more deeply.

4.1  Fire Statistics in Sweden and Gothenburg

The number of interventions from the rescue services to residential fires has gradu-
ally decreased in Sweden 2007–2017 (Fig. 18.1). Differences between major cities 
are particularly interesting. The average number of residential fires per inhabitant in 
the year of 2008 differs by a factor of two between the highest and lowest value. Not 
least, the differences between Stockholm, Gothenburg, and Malmö (Emergency 
Services South) are unanticipated (Fig. 18.1). The differences between the cities are 
much lower in 2017. Even within these metropolitan areas, there are large differ-
ences. A study from 2013 on outdoor fires 2007–2013  in Malmö identified clear 
concentrations in socioeconomically vulnerable areas. In several of these areas, 
there was also a high concentration of residential fires [11, 35].

18 Residential Fires in Metropolitan Areas: Living Conditions and Fire Prevention



318

Fig. 18.2 Number of fires per 1000 inhabitants by social index class

Statistics on residential fires from 2007 to 2017 show an upward trend for the 
city of Gothenburg, which goes from 0.59 residential fires per 1000 inhabitants in 
2007 to 0.77 in 2017. As shown in Fig. 18.1, Gothenburg also goes from having 
lower average than all of Sweden and the other metropolitan areas of Malmö and 
Stockholm in 2007, to increase above the national average in 2017. The main 
reason for the upward trend is a slightly increase of unintentional residential fires 
from 2007 to 2017. Gothenburg City is the largest out of five municipalities 
within the Emergency Services Gothenburg’s geographical district of 
responsibility.

4.2  Statistical Relationship: Living Conditions 
and Residential Fires

Figure 18.2 shows the relationship between living conditions and the occurrence of 
house fires in 853 subareas from three metropolitan areas divided into six groups. 
These groups have been ranked after level of living conditions and frequency of 
residential fires. A chi2 test verifies a significant relationship between the categories 
[44]. The social index goes from very exposed to good living conditions, from left 
to right. Subareas with the most exposed living conditions (the bar on the far left) 
have a much higher number of residential fires per 1000 inhabitants than those with 
the most advantageous living conditions (the bar on the far right). The number of 
residential fires that give rise to rescue service operations are four times higher in 
areas with the most exposed living conditions than in areas with the good living 
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conditions. The bar on the left also shows an exceptional high number of residential 
fires. There are more unintentional and intentional, and unknown/other residential 
fires compared to other groups. This indicate that a large part of the rescue opera-
tions are carried out in densely populated areas with poorer living conditions, and 
where there are many apartment buildings.

Living conditions are thus of great importance for the number and type of resi-
dential fires that cause rescue service operations, which are also shown in the GIS 
analysis in Sect. 4.3. In residential areas with very exposed living conditions, the 
probability of a residential fire incident is four times as high compared with those 
areas with very good living conditions. There is also a significantly higher risk the 
incident developing into a fire. On the other hand, the probability that the residential 
fire is unintentional or has an unknown reason is approximately equal in all types of 
residential areas. In residential areas with better living conditions, the proportion of 
fires caused by technical faults, including chimney fires and soot fires, is higher. An 
explanation is that in these areas there are more villas and detached houses.

There seems to be a spatial and statistical correlation between different living 
conditions and residential fire incidents that lead to rescue service operations. An 
indicator of this is that many intentional fires appear to occur in socially exposed 
residential areas [11, 41]. A second possible explanation lies in the already intro-
duced concepts of Fire Risk Environment and Fire Protection Capability. Different 
individual, social, and technical conditions in residents may affect the probability of 
a fire incident to occur. However, some studies indicate that fire risk environments 
may not differ between households, and that fire incidents occur at least as often in 
households with high average incomes [25]. A possible explanation is that resi-
dents’ Fire Protection Capability is higher in residential areas with good living con-
ditions. If these citizens handle many of their own fire incidents, the rescue service 
is not alerted, nor is an event report written. This is also consistent with studies that 
show that households have more fires than can be seen in the statistics [47]. A 
hypothesis based on this reasoning is therefore that households and residential areas 
with poorer living conditions have lower Fire Protection Capability. Another 
hypothesis is that residents in apartment buildings more often call the emer-
gency center.

4.3  Geographical Distribution of Residential Fires 
in Gothenburg

Figures 18.3 and 18.4 show all residential fires in Gothenburg between 2007 and 
2015 as well as living conditions. In map 1 in Fig. 18.3, there are 2797 coordinated 
residential fires. This map gives an overall representation of residential fire inci-
dents in Gothenburg.

Map 2 in Fig. 18.3 presents residential fires per 1000 inhabitants and year distrib-
uted over subareas in Gothenburg. The average value for mapped subareas in 
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Fig. 18.3 Positions of residential fires and residential fires per 1000 inhabitants and year 
2007–2015

Fig. 18.4 Clusters of residential fires and living conditions in Gothenburg
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Gothenburg is 0.60 residential fires per 1000 inhabitants and year. This is lower 
than, e.g., the City of Malmö (0.88), but higher than the average for Sweden’s met-
ropolitan areas (0.49). In Gothenburg, Hammarkullen has the highest value with 
1.86 residential fires per 1000 inhabitants and year. Other subareas with higher val-
ues than the average are Östra Bergsjön, Frölunda Torg, Rannebergen, Västra 
Bergsjön, Rambergsstaden, Hjällbo, Södra Biskopsgården, and Högsbotorp.

The surface-based cluster map 3 in Fig. 18.4 of residential fires coincides to a 
large extent with population-normalized map 2 in Fig. 18.3 over Gothenburg’s pop-
ulated areas. The strongest surface-cluster is again to be found in Hammarkullen 
with 314 residential fires per km2. Some other subareas with high concentrations of 
residential fires are Hjällbo and Rannebergen, Östra and Västra Bergsjön, Norra and 
Södra biskopsgården, Kyrkbyn, Rambergstaden, and Frölunda torg.

Map 4 in Fig. 18.4 combines the most clustered fire areas with living conditions. 
As can be seen in the map, there are strong concentrations of residential fires in 
several areas with very exposed living conditions, mainly in relatively fire dense 
areas such as Hammarkullen Hjälbo, Biskopsgården, Östra and Västra Bergsjöns, 
and Västra Frölunda. This result states that spatial clusters of residential fires are 
probably related to social and demographic causes. The types of residential fires 
that dominate areas with exposed living conditions are both intentional and uninten-
tional, but also fires with unknown causes (see Sects. 2.4 and 4.1). There are also 
concentrations of residential fires in other parts of Gothenburg, e.g., in the city cen-
ter where living conditions are normally good. This pattern is expected because the 
population density, which is a fundamental determinant to residential fires, is usu-
ally high in central urban environments. A frequent cause of residential fire in urban 
areas with good living conditions is accidental fire, with the kitchen as the most 
common starting point for the fire [41].

5  Prevention of Residential Fires

This last section addresses how an area-based systematic fire prevention work in 
metropolitan environments can be carried out and evaluated within an emergency 
service organization.

5.1  Area-Based and Systematic Fire Prevention Work

Research results from the multiyear study on residential fires in Swedish metropoli-
tan cities show that both general and specific measures are implemented to reduce 
the number of residential fires and limit the consequences of these fires when they 
occur. In order for the rescue services to reach different target groups, physical 
objects, and residential areas, different types of activities are conducted, such as 
home visits, targeted campaigns, supervision, and fire security-creating projects 
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[43]. Studies from Canada and the UK show that several of these preventive activi-
ties can help reduce the number of fires over time [18]. As the Swedish multiyear 
study also shows, conditions may vary in different residential areas, and there are 
large differences regarding the type of residential fire that occurs, and the number of 
residential fires that give rise to rescue service operations [41]. As stated earlier in 
this chapter, differences in spatial residential fire patterns can be explained by a 
variation of living conditions over an urban area [44]. Various individual, structural, 
building-based, and area-based factors affect residents’ fire protection capability 
and residents can be seen as fire risk environments [22]. Thus, the conditions may 
look different depending on the residential area, building stock, housing conditions, 
and socioeconomic conditions, and therefore, preventive strategies and preventive 
measures must differ [10, 18].

The proposed working method for area-based and systematic fire prevention 
work takes spatial variations of fires into account and includes activities such as fire 
prevention work for both general and specific target groups, selection of areas, 
creation of area profiles, area analyses, creation of an action plan, and evaluation.

Fire prevention strategies can be aimed at the entire population, certain risk 
groups, building types, or in residential area where there is an increased probability 
of fire. Important activities are information campaigns, home visits, and personal-
ized fire prevention. Collaboration between the rescue service, social services, and 
the municipality is important for identifying residents, risk individuals, and groups 
with special fire protection needs.

Starting points for selection of areas should relate to statistics and time series on 
residential fire data and socioeconomic data [44]. To support this selection process, 

Fig. 18.5 Example of area profile of the subareas: Norra (Northern) and Södra (Southern) 
Biskopsgården in Gothenburg
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the GIS-based methods, analyses, and map visualizations presented above can be 
applied [41].

Area profiles can help understand underlying trends and causes of residential 
fires. Such a profile should include fire development over time, different types of 
fire, causes of fire, starting points for fires, and socioeconomic data. Figure 18.5 
presents an area profile for two subareas within Emergency Services Gothenburg.

In the area analysis, it is clear that the variety of information over time and space 
provides the rescue services with additional support in selecting areas as well as 
establishing different strategies for more targeted fire safety work to different areas. 
Depending on available resources, hypotheses and statistical analyses can be per-
formed and tested. In the area example in Fig. 18.5, residential fires in kitchens in 
apartment buildings seem to be a problem. It is clear that many fire incidents in 
these two subareas start during cooking. In this context, the hypothesis about over-
representation of many families having a foreign background, living cramped in 
their homes, and using a lot of oil in their cooking seems appropriate to test and 
evaluate (see Sect. 2.5). The Northern and Southern Biskopsgården have also had 
problems with intentional fire setting related to criminal activities, riots, and other 
forms of social unrest during the period 2007–2015 [48]. Here, hypothesis about 
overrepresentation of this type of residential fires in residential areas with unstable 
family conditions, overcrowding, neglected care, and maintenance should also be 
tested and evaluated.

The action plan is thus based on geographical patterns, area profiles, and the 
causal analysis. The plan also describes the preventive activities that need to be 
implemented in the residential areas. In the case of Northern and Southern 
Biskopsgården, preventive measures in order to try to reduce the number of kitchen 
fires and intentional fires are priority. There are several challenges for the emer-
gency services, including trying to reach a heterogeneous and multilingual popula-
tion and cooperating with other societal key actors, such as the police, municipality 
social services, property owners, schools, security companies, leisure centers, etc.

The evaluation should be carried out in accordance with the action plan. This can 
be done by assessing expected effects in the short and long term, as well as assess-
ing the outcomes. Insurance companies may also be important actors in this pro-
cess. Furthermore, it is important that the fire prevention work is well-documented 
in a digital operating system, and that the rescue service’s organization and mem-
bers receive clear feedback. An emergency service organization should also pre-
serve special functions that work with learning and evaluation of the fire prevention 
work. This work should also take into account key aspects such as social sustain-
ability, diversity, gender equality, behaviors, and attitudes.
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Chapter 19
Early Responders as a Resource 
for Effective Response

Björn Sund and Sofie Pilemalm

Abstract The public sector and emergency response worldwide face budget con-
straints and lack of resources while having to respond to an increasing number of 
emergenices. In this chapter, we will describe how the Swedish municipal fire ser-
vices have addressed this challenge by initiating a first response with new ways of 
organizing their response units and through collaborations with other societal sec-
tors, i.e., semiprofessionals and with citizen volunteers. This, by using experience 
from a ten years period and analyzing it in terms of cross-sector collaboration and 
coproduction. The chapter includes different emergency types the new resources 
can be dispatched to, with a specific focus on residential fires. The results show that 
the major benefit for all three forms of reorganization is a shorter response time, 
which can lead to more saved lives, reduced human suffering, and less material 
damage. When using semiprofessionals and volunteers, identified challenges 
include, e.g., prioritization of tasks, making the engagement collective, the dispatch 
technology, and avoiding risky situations. We discuss the implications of the results 
and provide some suggestions for future work.

Keywords First response · Co-production · Semi-professionals · Volunteers · 
Dispatch technology · Response time

1  Introduction

The public sector faces substantial and increasing challenges in terms of having to 
address complex societal challenges like, e.g., climate change and increased propor-
tion of the elderly population while having scarce financial and personnel resources. 
Some of the ways to deal with the challenges are either to organize existing resources 
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in a different way or to create new collaboration forms that stretch over traditional 
organization and sector boundaries. Two of the latter forms are cross-sector collabo-
ration and coproduction of public services with civil citizen volunteers [1, 9].

All of the above become crucial in emergency response which have to respond to 
frequent routine emergencies (such as residential fires) at the same time as being 
prepared to handle extraordinary events, large-scale crises, and catastrophes. The 
time from incident to emergency work starts (response time) is often crucial to limit 
the consequences of an emergency. Here, for instance, smaller fire response units 
may be nearer the emergency site than the fire station and/or have shorter reaction 
time (time from emergency services are alerted to first vehicle is departed). Also, 
other societal groups and sectors like local community associations or private secu-
rity officers can collaborate with the municipal fire services in certain first response 
tasks, if they have sufficient training and equipment. In this chapter, we will focus 
on the Swedish municipal fire services possibilities to initiate a first response with 
new ways of organizing their response units and through collaborations with other 
societal sectors, i.e., semiprofessionals and with citizen volunteers (Fig. 19.1). The 
chapter will include various incidents the new resources can be dispatched to, but 
with a specific focus on residential fires.

The chapter will be disposed as follows. First, emerging ways of organizing first 
response will be presented, including dynamic fire response units, cross-sector col-
laboration, and coproduction. Then, the range of tasks they can potentially perform 
with perceived effects and benefits are described. This is followed by a presentation 
of empirical data on the various groups/collaborations. These data include tasks 
actually performed and estimated effects, but also identified challenges and future 

Fire services advanced ability

Fire services basic ability

Fire services first response ability

Semi-professional ability

Volunteer ability

Individual
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Advanced response, e.g:
-

-
-

-
-
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High rescue via
ladder

Advanced tactics

Basic response, e.g:

First response, e.g:
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Fig. 19.1 Society’s ability to respond to a residential fire. (Source: Adapted from Fire 
Services West)
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needs. The chapter ends with a discussion of the main results, general conclusions, 
and future work. The chapter is based on a Swedish setting, but the results should 
have clear international relevance, since the public sector challenges a global and 
many basic first response the same across countries.

2  Reorganizing Swedish Emergency Response: Dynamic 
Resource Allocation, Cross-Sector Collaboration, 
and Coproduction

The Swedish fire rescue services have traditionally been organized in a statice man-
ner according to the 4 + 1 principle. This implies that the fire team (usually residing 
at the fire station) includes four firefighters and a fire-chief in command that were 
dispatched to any emergency (e.g., residential fire) regardless of type, size, and 
complexity. Beginning in the early 2000s, initiatives started to emerge that leaned 
on dynamic resource allocation, i.e., more flexible fire units, including first response 
units [6, 19]. A fire service’s first response unit is a resource from the rescue ser-
vices organization consisting of at least one person and one vehicle (Fig. 19.2). This 
person, normally the fire-chief in command, has own vehicle at home or at the cur-
rent workplace.1 This means that he/she quickly can get to the accident site without 

1 The current workplace can be at the fire station, but can also be at, e.g., the regular workplace (for 
a part-time fire-fighter) or a company’s facilities in case of a fire inspection.

Fig. 19.2 Introducing a fire services first response unit (FIP)
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having to go past the fire station (or wait for the rest of the group).2 Faster response 
and earlier lifesaving, delimiting property and enivonmental damage, and earlier 
existential support can be achieved. The Swedish abbreviation for first response 
units is often referred to as FIP, and we will use this abbrivation in the chapter.

Cross-sector and coproduction trends can be seen in many areas, e.g., in public 
health, health care, education, and emergency management [1]. In the past decade, 
an increasing number of Swedish municipal rescue services have also engaged in 
this by either engaging semiprofessionals or volunteers as first responders. Cross- 
sector collaboration simply refers to partnerships or network among different sec-
tors, aimed to jointly address a common societal phenomenon. They can be both 
public-public and private-public [13]. Swedish emergency response has used the 
term semiprofessionals referring to individuals who do not have first response as 
their primary occupation but have competence and/or equipment that can be used in 
first response. Often are they on the move or on patrol in society, which imply that 
they can be near an emergency site. Common examples are security guards, home 
care personnel, and janitors.

Coproduction was first defined by Ostrom (described, e.g., in [9]) as the notion 
that society cannot maintain public service delivery without the active participation 
of its citizens. Coproduction implies a shift in how this delivery is seen where civil 
citizens become coproducers of services, rather than only receivers. In Swedish 
emergency response, volunteers are civil citizens who collaborate with the rescue 
services, receive basic equipment and training, and are alerted on certain predefined 
incidents, using apps installed on their own mobile phones. In Swedish, they are 
often referred to as CIP (civil first responder).

Sweden is seen as progressive both in using semiprofessionals and CIP in 
response to frequent emergencies including residential fires. This is perhaps due to 
the Swedish decentralized emergency response system leaving the local municipal 
rescue services with own mandate to decide on these matters. It is important to note 
that in both cases, as compared to a FIP, response is always voluntary. When you 
receive the alert, you can choose to go or not to go. As a semiprofessional, you are 
supposed to always prioritize your ordinary job, if a conflict of interest arises. Also, 
semiprofessionals and CIP act as first responders, while waiting for the professional 
resources to arrive; they never replace them.

The results in this chapter are based on various studies on FIP, semiprofessionals, 
and CIP in Swedish emergency response and spanning over a time period of 10 years 
(2010–2020). During this decade, the concepts have emerged, developed, and 
spread. For instance, using CIP first emerged in remote, sparsely populated areas in 
north Sweden, spread to rural areas and small municipalities, and finally, to cities, 
suburbs, and socioeconomically vulnerable areas [11].

2 The reorganization to first response units is most applicable to part-time fire stations, but greater 
flexibility can also be achieved in full-time organizations, where, e.g., the fire-chief in command 
can be at a fire inspection or education without the rest of the group.
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3  What Are the Effects of a First Response?

Compared to a basic or advanced fire response unit, the abilities of a first responder 
of all the above types are limited. However, the experience is that first responders 
can perform several important steps in the initial rescue work. FIP is generally more 
able to extinguish fires and might have mandate to scale up or scale down the rescue 
operation, while a semiprofessional from the home care might be better able to 
perform CPR or first aid. CIP may be successful in backing crowds in their own 
neighborhoods, and so on. Examples of tasks for first responders in case of a resi-
dential fire are:

• Briefing and assessment of accident site, submit status report to alarm center
• Report to following units (location/directions and overview of accident site)
• Plan rescue operation
• Scale up (request reinforcement) or scale down (return following units or report 

that the situation is not urgent) the rescue operation
• Review premises in case of automatic alarm
• open gates or doors to premises
• Warn people and inform3

• Extinguish minor fires with, e.g., a handheld fire extinguisher
• Take initial necessary lifesaving actions, e.g., CPR, first aid
• Provide early existential support for injured victims and bystanders

The opportunities of combining different tasks for first responders are many and 
sometimes they are not delimited to residential fires. A FIP also performs tasks in 
case of traffic accidents, drownings, etc. The main positive consequence is the 
shortened response time that leads to an earlier start of a selection of the possible 
tasks. This time saving should lead to less lost values in the form of lives, injuries, 
property damages, and environmental damages (Fig. 19.3). Of course, the ability is 
lower than for a basic or advanced response unit arriving at the same time.

To assess the efficiency of a first response initiative, it is necessary to identify 
both the additional benefits and costs (Table 19.1). The costs of introducing a first 
response unit are often straightforward to quantify. Benefits are more complicated 
to establish. Three general questions need to be answered: (1) what is the time dif-
ference, (2) what is the share of total rescue effort (ability) carried out by the unit, 
(3) what is the value of response time in case of a residential fire? E.g., if the time 
difference is five minutes, the ability is 25% and the value of time reduction is SEK 
100,000, and the monetary benefit is SEK 25,000. Practical examples and experi-
ences from the response categories will be discussed below.

One complication of evaluating residential fire first response is that the relatively 
low incidence rate and variation in characteristics of the fire and outcome, 

3 Information may be extra crucial in areas where people speak different languages, e.g., to explain 
why an individual who has been exposed to smoke needs to be taken to hospital even if he/she 
feels fine.
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Fig. 19.3 Relation between response time for different resources and lost value

Table 19.1 Evaluation of first response units (example of benefits and costs)

Benefits (benefits are directly generated by a faster response time 
and an earlier start of possible tasks) Costs

Saved lives Equipment
Less injuries Training (introduction and 

repetition)
Saved property values Call-outs
Less environmental damages Dispatch center
Earlier existential support (Elmqvist et al. [3] and Svensson et al. 
[17])

Hospitalization and health 
care
Overhead

especially at municipal level, would not allow any estimation of the effect in many 
years. Another circumstance is that it often is interesting to make an effect estima-
tion before the implementation. In this case, geographic information system (GIS) 
simulations can be one useful tool to estimate the reduced response times [16]. GIS 
can simulate the number of persons reached earlier by different sets of response 
resources.

4  Empirical Results

In the following sections, we describe the practical experience of using FIP, semi-
professionals, and CIP, based on a number of Sweden initiatives and corresponding 
research studies. It should be noted that experience from the different groups is not 
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described exactly in the same way. This is due to different perspecives in different 
studies and also to the time period the various initiatives have existed. For instance, 
the use of FIP has been established for more than one decade and much real estima-
tions/quantitative data exist. For semiprofessionals and volunteers, initiatives are 
newer and still under development. CIP is also a different form of organization (of 
unaffiliated volunteers) and initiatives in the early phases in the cities/suburb. A 
related challenges is, thus, that the capacity of these two groups is not yet identified 
and thereby not quantified. In other words, what they can handle and what value 
they add to first response are still mostly on a predictive level. It has been necessary 
to first identify capacity by developing the collaboration forms, in some cases from 
scratch. Therefore, the available data regarding these two groups is in the main 
qualitative and based on action research [8]. However, some real estimations and 
experimental quantitative data exist.

Also, the FIP studies have been more targeted to residential fires, while studies 
on the latter groups are broader. This is simply because most common alerts here 
relate to other incidents. However, the residential fire aspect is taken when possible, 
and many of the tasks they perform can be used in residentital fires as well.

5  FIP

FIP was introduced in Sweden in the beginning of the 2000s. The most common FIP 
is a part-time firefighter who can directly get to the accident site in own emergency 
vehicle. FIP does not first go to the emergency station and therefore arrive earlier 
than the other part-time firefighters. The tasks that FIP normally can perform in case 
of a residential fire are listed in Sect. 3.

Perceived Benefits
What do we know about the effects of a FIP introduction? A cost-benefit analysis of 
introducing FIP in the municipality of Jönköping shows that the first response unit 
was first on accident site in 80% of the alarms [6]. Mean time difference was 
2.5 min, and the first unit was able to manage 34% of the total rescue work in 171 
cases of structural fires.4 The benefit-cost ratio is between 3 and 8.5, implying that 
introduction and use of FIP are economically beneficial to society.

Results from a project in Mälardalen (west of Stockholm) between 2008 and 
2011 confirm the change in response time from introducing FIP units.5 Measurement 
of the vehicles response times showed that the mean difference was about 3.5 min 
(889 accidents), which mainly corresponds to the differences in the unit reaction 
time. Only a marginal share of the time gain derives from driving time to incidence 
site. The observations are based on automatic time reports on department and arrival 

4 Structural fires include residential houses, but also industrial buildings, hospitals, hotels, etc.
5 The results are not published and differences in response ability were not evaluated. Time mea-
surements are for all types of accidents.
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of emergency vehicles, which leads to high validity. A smaller scale quantitative 
data analysis (182 accidents) shows similar time gain, 3:51 min, and in 23% of the 
assignments, FIP was able to resolve the situation completely [17].

Challenges and Needs
FIP is now an established and widespread organization form in Sweden. One devel-
opment that is taking place is that municipalities are expanding the number of FIP 
units to two or three units per emergency station. Depending on where, e.g., part- 
time firefighters are located, this can lead to a significant decrease in response times. 
The challenges of FIP are usually that personnel needs relevant training and a more 
strategic approach is sometimes requested. Another aspect is that the contact with 
the rest of the group can be lost or disturbed, which makes it more difficult to have 
a complete tactical plan on arrival to incident site. The need for support after a 
severe assignment is also raised [17].

6  Semiprofessionals

There are different groups of semiprofessionals currently active in Sweden, the 
most common being home care personnel and security guards which consequently 
are in focus in this chapter. Semiprofessionals act on a range of incidents including 
heart failure, single-vehicle traffic accidents, drownings, and outdoor fires (e.g., 
vehicles). Of specific relevance to this study are unintentional and intentional fires 
in residences. In relation to the above general list of potential tasks that first respond-
ers can perform (Sect. 3), the semiprofessionals report that they mainly carry out the 
following tasks:

• Extinguish small fires (both residential, other buildings and cars and both inten-
tional and unintentional)

• Check if the fire has spread, and in this case inform the fire services
• First aid (e.g., CPR)
• Provide early existential support for injured victims and bystanders
• Keep bystanders at a distance when the response organizations arrive
• Break into buildings (security guards)
• Cut up cars with victims in them (security guards who have the equipment)

All incidents and tasks are predefined and regulated in formal agreements with 
the fire rescue services and their own employer.

Dispatch
To receive alerts, the semiprofessionals have to be within a certain radius from the 
emergency site. There is thus the hope of a more effective response if an emergency 
arises, even if the initiative is taking place in an urban area, where the response 
times for professional response organizations are relatively short. The semiprofes-
sionals can also bring their own equipment to the emergency site. For instance, 
security guards have uniforms, fire extinguishers, and body armor. They also have 
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their own vehicles, provided by the security company and used in their ordinary 
occupation, and have their own training programs in addition to the first-response 
training provided by the fire association. They also have access to their own debrief-
ing activities, are insured by their own employer, and are also provided with vacci-
nation programs, e.g., for Hepatitis B [11].

The dispatching is achieved using handheld RAKEL terminals. RAKEL is the 
national radio communication system used in Sweden, used by all the blue-light 
response organizations, e.g., the fire services, the ambulance services, the police, 
and the public safety answering point (PSAP). This means that they use the same 
system as the rescue services and can communicate with all of them, in real-time. 
RAKEL is primarily for audio communication [11].

Perceived Benefits
The major benefit of using semiprofessionals is shorter response times since they 
are continually on patrol in the subareas, so they have no reaction time (the time it 
takes from alarm to leaving the fire station). As an example, the estimated mean 
time to reach the incident site is 3 min and 56 s6 for an entire Södertälje municipality 
south of Stockholm (with about 300,000 inhabitants), including the most remote 
areas. For the central municipality, the average time is even shorter, as reported by 
a security guard in Pilemalm [11]. In another study in Norrköping municipality of 
about 100,000 inhabitants, there was no access to real response times since it was a 
development project. However, predictive quantifications and modeling were per-
formed in parallel to developing the concept of semiprofessionals, in part based on 
how they could contribute to decrease of response times, in part based on their 
expected contributions at the incident site. The results showed that for Norrköping 
and Linköping municipalities, a few (3–4) semiprofessionals could decrease costs 
for accidents and acute illness with about 700,000–5,000,000 SEK per year, depend-
ing on station reaction time [2].

A study in a municipality in the south of Sweden (Helsingborg with about 
140,000 inhabitants 2016) evaluates a potential agreement between the fire services 
and a private security officers’ firm in responding to residential fires [16]. A geo-
graphic information system (GIS) simulation is used to estimate the response times 
and the results show that the reduction is 52 s on average. The potential initiation 
has positive economic effects with the benefits estimated to be 1.4 (saved lives) and 
2.3 (saved lives and property damage) times higher than the costs.

Weinholt et al. [19] have also analyzed the effects of using security officers for 
fire response in a municipality in Sweden (Söderköping with about 15,000 inhabit-
ants 2019). They found that, out of 60 alarms, the security officers were first on the 
incident site in 34 cases. In seven of these, the security officers were able to sup-
press the fire on their own. In two of these fires, there was a risk of the fire spreading 
and causing damage. The benefits were estimated to exceed the costs, so although 
the incidents were few, an economic evaluation indicated that the collaboration was 
socially beneficial.

6 Including emergency call handling time, station reaction time, and driving time to incident site.
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Using the qualitative data, we have seen several examples of home care person-
nel extinguishing fires before they spread. As mentioned, a major difference as com-
pared to FIP is that semiprofessional must not go on the alerts (it is voluntary). 
However, it seems both security guards and home care personnel are used to acting 
in acute situations (e.g., medical alarms, small fires) and do not seem afraid to act 
upon them, either alone or together (e.g., [11]).

Another benefit is preventive to create a sense of presence, security, and social 
relations and thereby decrease the incidence of, e.g., intentional fires, assaults, and 
vandalism. Direct removal of flammable objects is another preventive effect.

Challenges and Needs
The associated challenges are perceived somewhat different depending on occupa-
tion group. The agreements regulating the semiprofessionals’ first-response mis-
sions and tasks are sometimes seen as a challenge. It has happened that security 
guards are dispatched to types of incidents for which they are not prepared (e.g., 
drownings), since this is stipulated in their contracts. Conversely, they sometimes 
go to incident types that they should not attend based on personal judgements, e.g., 
suicide or traffic accidents on the highway. Also, in Sweden, the Public Procurement 
Act currently stipulates that the Swedish municipalities that want to use security 
guards must in the future perform procurement processes. The security guard com-
pany’s project leader argues that this may lead to a situation in which those compa-
nies providing the service for the lowest price will receive the assignment since no 
other quality indicators currently exist: There is thus a fear that the Procurement Act 
will not only lead to a lower-quality response; but also that the preventive work, i.e., 
patrolling the area and talking to young people, preventing them from engaging in 
crime, and creating social relations perhaps leading to recruitment as security guard, 
will diminish. The perceived need for quality indicators and clear regulations is 
repeatedly stated by project manager [11]. As regards home care personnel, the 
major challenge seems to be prioritization between first response and ordinary tasks 
since their ordinary work schedule is tight [20]. Evening and night personnel have 
easier to take on first response tasks than daytime personnel.

As for information and communications technology (ICT), the security guards 
seem content with being able to audiocommunicate with the other response organi-
zations through RAKEL but still describe it as heavy, old-fashioned, and clumsy. 
There have been requests on Android-based mobile solutions through which text- 
based information, pictures, and even video recordings from the incident site can be 
sent, in order to prepare the arriving response organizations better.

7  Volunteers

Civil volunteers (CIP) in Sweden are currently active in remote, rural, and urban 
areas. They are usually provided with one day of basic training in such areas as first 
aid, cardiopulmonary resuscitation (CPR), extinguishing small fires, and acting in 
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single-vehicle traffic accidents. They also receive a backpack containing a first-aid 
kit, reflective vests, pocket masks, and handheld fire extinguishers. They are then 
dispatched to the following types of emergency: outdoor fires (e.g., vehicle), resi-
dential fires and certain fires in other buildings (e.g., shools), heart failure, single- 
vehicle traffic accidents, and drownings. The emergency should not be risky for 
them (e.g., uncontrolled fires or a shooting) [11].

Relating to the general list, a first responder can perform (see Sect. 3.) a range of 
tasks at the emergency site. Those reported as most frequent are:

• Extinguish small fires (both residential, other buildings and cars and both inten-
tional and unintentional)

• Check if the fire has spread, and in this case inform the fire services
• First aid (e.g., CPR, band aid, stopping major bleeding)
• Provide early existential support for injured victims and bystanders
• Keep bystanders at a distance when the response organizations arrive
• Act as interpreters in urbans areas where many people do not speak Swedish

The collaboration with the fire services is generally much less formalized than 
for semiprofessionals. For instance, they receive a debriefing from fire service per-
sonnel immediately after a response operation, but no follow-ups. The civil volun-
teers are collectively insured by the fire association.

Dispatch
The principle for dispatch is the same as for the semiprofessionals, i.e., they have to 
be within a certain radius (e.g., 5 km) from the incident site to receive an alert. 
However, CIPs are most often dispatched by means of commercial apps connected 
to their own mobile phone GPS functions which in their turn are connected to the 
fire services’ system for handling incoming alerts. The apps can, e.g., display the 
position coordinates, the address (road, but not specific number), municipality, and 
type of emergency, giving basic information. It sometimes also includes a map, and 
when the alert is triggered, a red button appears on the map, indicating the emer-
gency site. Through this button, the volunteers (receivers of the alert) can also com-
municate with the rescue services and each other, to some extent, and provide 
updated information about the emergency. It is the fire services’ back-office systems 
that provide the GPS coordinates, the addresses, and the information about the 
emergency, i.e., CIP receives the same basic information as FIP [11] (Fig. 19.4).

Perceived Benefits
The major perceived benefit is also the same as for semiprofessionals: a more effec-
tive response (shorter response times). In remote and rural areas, CIP close to 
always arrive at the incident site before the professional response organizations 
[14]. In urban areas, they sometimes do [11]. It has occurred also in urban areas that 
the CIPs have extinguished fires before they spread, e.g., cars or even an intentional 
fire threatening to burn down a school. As mentioned before, for CIPs, in the quali-
tative data, are the main source, due to the newness of the related initiatives. 
However, there are several studies that have produced general prediction models for 
optimal dispatch of the CIPs including estimations of response times and how 
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increased efficiency and use can be reached (e.g., [7]). Also, there are similar initia-
tives in Sweden focusing only on dispatching volunteers to out-of-hospital cardiac 
arrests (SMS-life-rescuers). Here, studies have had access to real data and per-
formed economic evaluations for the regions in Sweden in applying the concept. 
For each region, expected saved lives and costs for quality-adjusted lifeyears 
(QALYs) were calculated. The results indicate that SMS life rescue saver is a cost- 
efficient intervention for prehospital acute care of heart failure patients outside hos-
pitals [4]. Even if this is a specialized form of volunteers not including residential 
fires, it is possible that cost-efficiency could apply in the latter case as well.

There are also perceived qualitative benefits relating to, e.g., restoring services 
and vitality in rural areas and to increase security in urban areas. In the latter, in 
socioeconomically vulnerable areas, it has also been shown beneficial that CIPs 
who are active in a certain area speak its dominant language and can act as interpret-
ers, since many people in these areas do not speak Swedish. In Pilemalm [11], a 
respondent, for instance, describes a residential fire where an apartment building 
was on fire and the residents wanted to jump, due to language barriers where they 
could not communicate with the fire association personnel. The respondents also 
describe how they can inform people, e.g., about risks being exposed to smoke and 
the need for a hospital checkup.

Challenges and Needs
The major perceived challenge in urban areas, especially in those socioeconomi-
cally vulnerable, is to ensure that the CIPs actually respond to alerts and go to the 
incident site. There are a few enthusiasts who respond to many alerts, but they are 
often the only ones responding to that particular alert, making the first response an 
individual task [11]. In remote and rural areas, the perceived challenges are the 
other way round. The first response becomes a highly collective task where many 
CIPs act jointly, which is positive, but can also create difficulties, e.g., if they block 

Fig. 19.4 Dispatching of volunteers through the app. The type of incident here is a single-vehicle 
traffic accident in which the victim is unconscious

B. Sund and S. Pilemalm



339

the way for the professional response organizations. A related challenge/difference 
concerns gender aspects. In socioeconomically vulnerable areas, all the active vol-
unteers are men. In rural areas with dominating Swedish ethnicity, gender distribu-
tion is equal [12].

Another perceived challenge in the former is language (which thus is both per-
ceived as a benefit and a challenge). It is not optimal to send just any volunteer, but 
rather one who knows the particular language of those involved in an emergency or 
the dominant language in the given subarea. An organizational challenge is to make 
all rescue services take on CIP the concept at management level. Even though most 
rescue services are positive, others are resistant mostly in urban settings. This might 
have to do with the higher level of risk CIPs are exposed to in these settings. An 
identified challenge which mainly relates to urban settings is if a situation escalates 
into something dangerous, e.g., an explosion or a shooting. Then there is currently 
no way of withdrawing the CIPs [12].

Concrete needs concern mostly the ICT solution and include, e.g., better GPS 
positioning (exact coordinates, information indicating roads, and GPS guidance 
(incorrect positioning has sometimes delayed response time)) and calibration. Also, 
a withdrawal function seems necessary if an emergency turns into something dan-
gerous. The latter implies that some structure, templates, and matching are needed 
to send the “right” CIP to the “right” site, reaching different roles, competences, and 
language groups. It is also notable that in rural areas CIPs are much more active in 
“equipping themselves”, e.g., in jointly buying flashlights and powder extinguishers 
[14, 15].

8  Discussion

In this section, we first discuss the identified values of reorganization, cross- 
collaboration, and coproduction in emergency response. We compare the groups of 
FIP, semiprofessional, and CIP, identifying similarities and differences. Second, we 
discuss the importance of digitalization and proper ICT for dispatch. Finally, we 
make some general conclusions on cross-sector collaboration and coproduction 
trends, in emergency response and in public service delivery.

Reorganizing Emergency Response: The Perceived Value
Initiating different categories of first response resources is generally economically 
beneficial to society [6, 16]. One important reason for this is that the marginal cost 
is very low. The direct costs consist only of a relatively short training and limited 
equipment. In the case of FIP, the cost can also imply a vehicle. No time for pre-
paredness is initiated in either case, so the only alternative cost of time (after educa-
tion) is the short time spent on callouts. Resources are generally “back at work” 
within one hour. The benefits are potentially very large, and even though the time 
gains generally are larger in rural areas, the number of fires and the steeper slope of 
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the survival curve at short response times (reference to this in the book) provide 
relevant arguments for first response in urban areas.

Our research involving various groups acting as early responders confirms the 
above. Regardless of if they are FIPs, semiprofessionals, and CIPs, and work in 
remote, rural, and urban areas, in various municipalities and/or socioeconomically 
vulnerable areas, they have one thing in common: they can contribute to a more 
effective first response where they have saved lives and reduced injuries, property, 
and environmental damages. The response time is of course crucial, but from our 
experience there are also other perceived benefits such as improving security and 
social relations in communities, inclusion of vulnerable groups, and preventing 
crime and accidents (e.g., intentional and unintentional fires). This above all applies 
to cross-sector collaboration and coproduction.

There are also perceived differences between various groups of early responders. 
As indicated in Sect. 3, the groups can perform a range of tasks, but FIPs (that are 
firefighters) can naturally perform a wider range than semiprofessionals and CIPs. 
On the other hand, semiprofessionals can perform other tasks, for instance if they 
have keys to apartments in residential fires and CIPs in socially vulnerable areas 
may communicate with residents that the fire services would otherwise not reach 
efficiently.

In relation, perceived differences include that formalization is much more pres-
ent in, of course, FIPs, but also in the case of semiprofessionals/cross-sector col-
laboration. This gives them a more secure position than volunteers, protected by 
agreements and training provided by their own employer. As to volunteers, in rural 
areas the response time is more affected since the volunteers almost always arrive 
before the professionals as compared to the same in urban areas. Also, to have the 
concept working in urban areas requires more investment in time and resources. 
Acting in residential fires is more common in urban areas since there are more 
apartments and so on. Within the semiprofessional groups, daytime firefighters and 
security guards seem to have more possibilities to prioritize between first response 
and “ordinary” tasks than home care personnel, etc.

In summary, various groups should be seen as complements and reinforcements 
of each other, not competitors. It should also be noted that even though we in this 
chapter have included more types of incidents than residential fires (especially for 
semiprofessionals and CIPs), most of the tasks carried out as reported by our respon-
dents are highly applicable to a residential fire as well. Moreover, and for the future, 
it is important to evaluate the marginal effects of first responders, but also to study 
the possibility to take on extra tasks for the individual category of responders. In the 
latter case, society needs to provide better support for prioritizing different tasks and 
be more coordinated in distributing the alarms.

Digitalization and ICT for Dynamic Resource Dispatch
In relation to the above need for improved coordination of, above all, semiprofes-
sionals and volunteers, it is interesting to observe that they, though being different 
groups, have similar requirements on the ICT artefact. Ramsell et al. [15] let the 
groups put requirements on an app prototype for alert and both groups identified 
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similar basic requirements (needed to solve the task) and additional functionality 
(not necessarily needed but which would improve the assignment). Differences 
rather related to how they prioritized certain requirements. In Pilemalm [11], the 
semiprofessionals express that their RAKEL terminals are clumsy and the audio- 
based communication limits them, requesting text-based alternatives, android-based 
solutions, and the possibility to send pictures from the incident site. The authors 
also argue that it is likely that the semiprofessional volunteers would benefit from 
the same calibrations of ICT solutions as the civil-citizen volunteers. By matching 
competence with situation, semiprofessionals might avoid potential risky situations 
they sometimes encounter today. As for volunteers in rural and urban areas, there 
are similar needs to calibrate the ICT artifact to optimize dispatch and response, 
e.g., by matching incident with competence, training, and equipment. In socioeco-
nomically vulnerable areas, language constitutes another factor. There is also a need 
for alarm strategies, however, in urban areas to enable collective enactment of vol-
unteers on an alert and in rural areas, the other way round, to hinder too many vol-
unteers showing up at the incident site at the same time. This, by alerting in 
descending order based on their closeness to the incident site. There are also a com-
mon need for a withdrawal function if the incident should turn into something dan-
gerous for the volunteers (e.g., explosion, gunfire) [11]. All in all, this would 
contribute to the dynamic resource dispatch – and optimized response – that the 
reorganization and new collaboration forms aim at.

Global Increasing Trends of Collaboration and Coproduction: International 
Transferability
Taking a general perspective, the need for cross-sector collaboration and coproduc-
tion will likely continue to grow, in Sweden and internationally. This, since chal-
lenges relating to increased crises, pandemics, and the simultaneous need to 
simultaneously handle frequent accidents (sometimes in growing populations) with 
strained public sector resources are global (e.g., [1, 18]). To our knowledge, Sweden 
is progressive in using semiprofessionals as early responders. As for volunteers, 
international research and practice tend to focus on large-scale crises and crowd-
sourcing, not on organized long-term collaborations in relation to accidents of 
smaller scale. Here, the Swedish experience pan paves the way and be used as a 
source of inspiration for similar research and initiatives in other countries. From a 
digitalization perspective, our experience confirms previous research (e.g., [5]), 
pointing out the need to pay larger attention to the ICT artefact as an enabler of digi-
talized cross-sector collaboration and coproduction.

9  Future Work

In the future, it is a need to further develop the various concepts of early responders 
from various perspectives, including policy aspects and ICT support. As for residen-
tial fires, steering models including the fire services and the real estate companies, 
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and in socioeconomically vulnerable areas, the social services, are deemed of par-
ticular importance [12]. Also, for residential fires, it would be possible to connect 
the ICT dispatch artifact to smoke detectors in selected real estates, for an even 
faster response. From an international research perspective, it would be of great 
interest to explore similar initiatives in other countries, to enable comparisons and 
transfer experience. Also, one of the most urgent societal developments for fire 
safety work in Sweden is the dramatic growth of the absolute number of elderly 
single people. The number of inhabitants older than 80 years will increase with 50% 
within the next 10 years. Although old age and living alone are not risk factors for 
dying in a residential fire in itself, these factors indicate increased difficulty perceiv-
ing or evacuating in the event of a fire. In these cases, proximity to early responders 
becomes even more important in the future. Particularly when these vulnerable indi-
viduals continue to live in their residences instead of moving to retirement homes.
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Chapter 20
Swedish Strategies for Prevention 
of Residential Fires: The Case 
of the Swedish Fire Protection Association 
and the Swedish Civil Contingencies 
Agency

Mattias Delin, Maya Stål Söndergaard, and Björn Sund

Abstract The chapters above and the research they are based on point towards a 
viable strategy to reduce the consequences of fire in dwellings, regarding mortality, 
injury, loss of residence and property. How can this be put into practice? In this 
chapter, two synchronised and complementary strategies from the Swedish Fire 
Protection Association and the Swedish Civil Contingencies Agency are presented 
as models, and the processes connected to the strategies are discussed.

The two organisations strive towards a common goal on paths that sometimes 
differ because of their differences in characteristics. Collaborations between the two 
are seen as a way to make that a strength. Together, they can influence many differ-
ent parties with many different tools. The scope can also be widened based on the 
collaboration when the Swedish Civil Contingencies Agency weighs more towards 
the safety of lives and the Swedish Fire Protection Association therefore can weigh 
more towards the safety of the environment and property.

The chapter takes the perspectives of the two organisations and is based on their 
experiences and policies, which may not always be results of academic research.

Keywords Residential fires · Fire strategy · Fire safety strategy · Vision-zero 
implementation · Fire indicators · Prioritized fire measures · Sustainable residences
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1  A National Fire Protection Strategy

In many countries, the prime responsibility for the Fire and Rescue Services and, 
consequently, for the bulk of the fire prevention work falls upon the local munici-
palities. In Sweden, this responsibility is regulated in the Law on Protection Against 
Accidents [1]. According to this Law, municipalities shall plan and organise its pre-
vention activities in order to effectively prevent fires. Special emphasis shall be put 
on the prevention of fatalities and other serious injuries. To achieve this, the munici-
palities shall have a goal-oriented action programme describing its preventive activ-
ities. The factual situation is, however, that in most municipalities, even in the 
bigger cities, fatal fires will not occur with such a frequency that a local statistical 
analysis or goal-oriented follow-up of occurrences will be meaningful. Therefore, 
the need for a national goal-setting regime and strategy, combined with a nation-
wide surveillance system, will be evident.

There exist several such strategies in other countries. For example, in Norway the 
parliament set a strategy for fire prevention in 2009 [2], later followed up with a 
communication strategy [3]. In Europe, initiatives for common strategies on EU 
level have been put forward more recently [4].

In the United States, the Vision 20/20 [5] was founded in 2008 by the US branch 
of the Institution of Fire Engineers with the support of a number of public and pri-
vate organisations.

In Sweden, more people than usual died in connection with residential fires 2009 
(124 people).

During the autumn, three notable fires occurred in which a total of 15 people lost 
their lives. The three tragic events became an eye-opener for society and a symbol 
of the problem of fatal residential fires. Sufficient knowledge on how one should act 
in the case of a fire was lacking as well as functioning fire alarms which could have 
warned those in danger at an early stage. In one of the fires, those who died were 
also restricted in their ability to move and could not evacuate without help.

In November the same year, the Swedish government gave the state authority, the 
Swedish Civil Contingencies Agency (MSB), the task of producing a national strat-
egy on how fire protection could be improved through support to individuals. A 
national vision zero inspired by the national vision zero for transport safety was 
formed: “No one should die or be seriously injured as the result of a fire” (see 
Chap.  15). Concrete goals were also established which would lead towards the 
vision. The number of deaths and serious injuries would reduce by a third by the 
year 2020. Furthermore, awareness among individuals with regard to fire risks and 
how to act in the case of a fire should be increased as well as the number of function-
ing fire alarms and fire protection equipment in residences. From the start, it was 
clear that this must be a long-term commitment and that it would need to be carried 
out together with many different parties.

In 2010, a national group for fire protection was formed by MSB with the task of 
coordinating, managing in the long-term and, when necessary, develop the national 
strategy. The identification of the need for support and guidance for the 
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implementation of the strategy and assistance with resources in order to produce 
these guidance documents is very important. The parties participating in the group 
are state authorities with responsibility in the area, representatives from the munici-
palities as well as interest groups for the municipalities and regions, property own-
ers, insurance companies, chimney sweeps, fire chiefs and the Swedish Fire 
Protection Association (SFPA).

Since the national strategy was adopted in 2010, the available knowledge has 
changed considerably. A large research undertaking was launched in 2013, and in 
the years following, researchers have mapped different aspects of residential fires: 
in which residences fires take place; where the fires start; who is affected and how; 
as well as which efforts and technical systems can prevent a fire from starting or 
reduce its effects.

At the start of 2019, a review of the focus of the strategy was begun in which the 
goal was to establish new milestones up to 2030 and to prioritise measures in order 
to achieve the established goals. MSB gathered stakeholders together in several 
workshops in which issues connected to the setting of goals and development within 
the fire protection field up to 2030 were discussed. In the same year, SFPA initiated 
its work on a new strategy for residential fires, a project that is similar to MSB’s in 
many ways but done from the perspective of a non-profit organisation.

In order to make long-term improvements to fire safety possible, many parties 
must come together, and a strategic plan is an important element in the leadership of 
this project. The creation of a national fire protection strategy sends an important 
message and can help to bring the issue to the fore. If important stakeholders choose 
to support it, society can gather the strength to achieve the desired result. The great 
challenge then lies in the implementation of the strategy, to get those involved to go 
from nice words to concrete action which will lead to the common goal.

A strategic plan also lays the groundwork for long-term work which can encom-
pass many different operational plans and can be adjusted when needed without 
changing the strategic plan. In addition to their own organisation, other organisa-
tions can easily connect to the strategic plan with their own operational plans. In 
that regard, the strategy can serve as guidance and support. By helping to build a 
network from a national perspective, stakeholders can be inspired by each other and 
good examples can be set. Local involvement and champions of the project can 
function as catalysts (Fig. 20.1).

The strategy should be a long-term plan that leads to a (long-term) goal. Simply, where are 
we today? Where do we want to be? How do we get there?

2  A Strategy for the Whole Society

In order for a national fire protection strategy to be able to take real effect, broad 
participation is needed from those involved at different levels. All parties concerned 
should be included early on in the process and they should also get the opportunity 
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Fire statistics, knowledge, 
proactive measures 
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Strategy
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seriously 

injured as the 
result of a fire

Fig. 20.1 The strategy forms the overall journey from present status to desired status but needs to 
be supplemented by operational plans

to comment on the final strategy before a decision is made. Those involved must feel 
a sense of ‘ownership’ for the content in order to be able to take responsibility for 
the implementation in the next stage. It must also be clear in which way the different 
parties can contribute and how they can work together. When the strategy is imple-
mented, it will be advantageous for other parties to be involved through their own 
operational plans that connect to the strategic plan.

At a national level, a central authority or organisation should be given a clearly 
designated responsibility in order to coordinate and drive the project forwards. 
However, it is also important to note that the work must be done in close collabora-
tion with other authorities and interest groups. At a national level, it is important to 
focus on developing the system and creating the conditions needed for the project 
on a local/regional level. This can happen by, for example, revising and clarifying 
regulations and legislation, creating support and guidance for the project on a local/
regional level and setting good examples, etc.

At a local/regional level, the municipal rescue services can be a driving force for 
the project, but it is important that this happens in close collaboration with other 
authorities and organisations. There are several examples of successful collabora-
tions with property owners of multi-residential buildings. For example, with respect 
to spreading knowledge to the residents and ensuring that there are functioning fire 
alarms in the residences. In order to improve fire protection for vulnerable individu-
als in society, authorities such as social services and health care in the municipality 
must work together. The staff in these organisations can best identify which indi-
viduals require improved fire protection and can also identify risks and carry out 
measures in the home environment.

It is also important to involve academic representation (researchers) in the proj-
ect. From a national perspective, it is possible to create incentives and stimulate 
different initiatives in order to increase knowledge of the challenges and of the best 
way to work to reduce the number of residential fires and their consequences.

The reasoning behind involving many different parties in the strategy project is 
to achieve a greater impact and to reach a wider audience. As the parties involved 
possess different competencies, the quality of the work will most likely be better. 
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However, those involved have different incentives and different conditions that they 
must adhere to. In certain cases, an authority can have the right to demand things 
from certain parties, for example through legislation. At the same time, there are 
constitutional restrictions on what can be asked of other parties. In contrast, non- 
governmental organisations, for example, a non-profit organisation, cannot demand 
anything from anyone, but there are also no limitations on whom they can try to 
influence.

3  The Process to an Established Strategy

Broad participation is a success factor in reaching the goal and in the success of the 
strategy. This means that important parties need to be involved with both the devel-
opment of the strategy and continually during the implementation.

The process of developing a new strategy can begin once a decision to do so has 
been made at the necessary level. That decision should be proceeded by a pilot study 
which should at least include a needs analysis, goal setting and resource allocation, 
as well as which resources in society should be covered by the strategy. One very 
important part of the preparatory work is to describe the challenges and the knowl-
edge that exist in the area. The result of the most recent research must lay the basis 
for the needs analysis, which is a part of the preparatory work, so that the strategy 
goes in the right direction in order to achieve the goals.

A presentation of the results of the pilot study should also be conducted in con-
junction with other stakeholders in order to ensure that all involved understand the 
conditions of the project. Thus, forming an important basis for good leadership for 
the project leader. The project needs to find a balance between, on the one hand, 
taking ownership for their own process in order to achieve the goal within the frame-
work set out, and on the other hand, fostering a project that allows other parties 
involved to feel a sense of “ownership” for the end product. The process can take 
form in many ways, but it must include many occasions for dialogue in order for 
agreements to be made, similar to the Delphi method. It cannot be expected that all 
parties will be in complete consensus from the start; however, with a good process, 
this can be achieved in the end, and it is of the utmost importance for the success of 
the strategy that this happens (Fig. 20.2).

4  From Strategy to Practice

When the strategy is determined, the real work will begin, namely creating results 
and thereby achieving the goals of the strategy. The project can be likened to a 
cyclic process where the different steps repeat in order to constantly evaluate and 
improve the strategy (plan, carry out, follow up and provide feedback of results), see 
Fig. 20.3.
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Fig. 20.2 Four stages through the process: Preparing study  – Decision to run the process  – 
Development of the strategy – Determination of the strategy
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Fig. 20.3 The process from strategy, through implementation to results will need regular feedback 
loops followed by adjustments of the strategy/operations

4.1  Strategy (Plan)

As mentioned before, the strategy should set out the long-term plan that leads 
toward a long-term goal. In order to take real effect, it needs to be clear to all parties 
where we are going and why, as well as what needs to be done. Over time, the 
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results will show if we are going in the right direction, or if the strategy needs to 
change. Therefore, a regular review of the strategy is necessary.

An advantage of the strategic plan is that it can be supplemented with operational 
plans which are adapted for each party and do not need to correspond with the 
whole strategic plan. Thus, operational puzzle pieces from the different stakehold-
ers are created. The implementation must be based on the incentive and abilities of 
the different parties involved. Some of those involved have a liability to work 
towards better fire safety, while others work voluntarily towards the goal. To be suc-
cessful, every stakeholder must be willing and able to contribute, based on their 
respective circumstances. The strategy’s project leader will also need to assume 
responsibility to take the lead and show the way.

The implementation of the strategy is a process in which the feedback of results is an impor-
tant component. Regular review of both the strategic plan and operational plans needs to be 
carried out as the state of knowledge changes.

4.2  Implementation (Carry Out)

The strategic plan must be supplemented with operational plans which are adapted 
to each party and its capabilities. To help those involved, examples of things that can 
be implemented are needed and help with incentives may also be required some-
times so that their efforts can be motivated in their own organisation. In other words, 
the project leaders need to be able to help with both motivation and ability in order 
to do what is required. “Early adaptors” are often valuable when it comes to the 
effort put into the initial stages as they are often both willing and able and can con-
tribute to getting living examples off the ground.

The incentive for the project can vary for the different parties involved. For some, 
it could be a matter of strengthening their own brand through showing that they 
believe the matter to be important or for others there could be a political dimension 
which is driven by prevailing public opinion. Policy instruments at national or 
regional level can be financial incentives, knowledge-driven or regulatory, enforced 
through inspections of the participating organisations. Knowledge is an important 
driving force in order to be able to answer the question why we should work on this 
matter and also how we should do so to best achieve the goal.

Clear goals and a clear focus will contribute to the different parties going in the 
same direction, even if it is in different ways. The goals must be sufficiently broken 
down and concretised so that those involved will be able to assimilate them and fol-
low up on them over time. It can be good to focus on several areas so that the project 
is not spread out too much, but at the same time can be given the necessary scope 
for some flexibility and adjustment.

In order for the implementation of the strategy to be successful, the parties 
involved need to seek support for the project from within their own organisations. 
Senior management should not only back the strategy, but also take responsibility 
for the implementation and ensure that sufficient resources are set aside for the 
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project. With regard to politically controlled organisations, the operational plan 
should be established in the political assembly with clear expectations for feedback 
and results.

To facilitate the implementation for the different parties involved, concrete sup-
port and guidance is needed from a national level/system level. This could take the 
form of handbooks, communication material, digital support, skills development, 
support with evaluations/research, etc. The purpose of this is partly to facilitate the 
process of going from words to actions for those involved and partly to gather 
strength and align the project in order to have a greater effect. It is preferable that 
the different parties are involved in the implementation of this support so that it will 
be appropriately designed and fill the required needs. Those involved can also be 
helped to set good examples and support each other.

To successfully implement a strategy, important factors are:

• Clear direction.
• Operational plans.
• Incentives and support.
• Leadership.

4.3  Results (Follow Up)

“What gets measured gets managed” – an expression that has been around for a long 
time and which is often accepted as a truth, even if not everything that means some-
thing can be measured and not everything that can be measured is important. In 
order for a strategy to be carried out systematically and for the long term, we believe 
that the follow-up of results within the area of fire safety is important. Therefore, we 
must also regularly follow results which can be measured and which are meaning-
ful. At a national level, this can be done, for instance, by following and analysing a 
number of indicators which show the direction that the development is going in and 
indicate how the measures should be designed. The indicators can also function as 
a driving force and motivation in the implementation.

The purpose of the indicators is to give an idea of whether fire safety for the individual has 
been strengthened and whether developments in the fire safety area are moving towards the 
targets set.

How should the indicators be chosen? A logical ‘map’ is needed which comprehen-
sively describes how the organisations are interrelated – what affects what. We can 
call this a logic model or program theory. It stretches from goals and resources to 
the project itself and performance and finally to the results/effects. The effects can 
often be achieved in the short term or in the longer term. The indicators can be mea-
sured along the whole chain and measure the performance of individual parties as 
well as the long-term effects. In Fig. 20.4, an example is given of what a logic model 
in the area of fire safety can look like and which indicators can be connected to it.
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Fig. 20.4 Examples of impact relationships and indicators for a national strategy

After the logic model has been mapped, appropriate indicators will need to be 
specified. The first step is to “brainstorm” possible candidates. Then every indicator 
suggestion will need to be judged based on the specified requirements. For example, 
that the indicator must be clear, relevant, available at a reasonable cost and sustain-
able over time. An indicator also needs to be related to something else. For example, 
a goal, in order to contribute in the end to increased knowledge and to judge if the 
measures carried out have had an effect. In-depth analysis of the development of the 
indicators and what affects them is also needed. Research can also be a tool for map-
ping these chains of effect. Revision of the indicators and how they are measured 
should be ongoing.

4.4  Feedback

Perseverance and feedback are often important factors when it comes to implemen-
tations. The participants need feedback on their work and need to see results. They 
also need knowledge of how they can undertake and develop their work. The mes-
sage must be consistent over the duration and providing feedback of efforts and 
effect is important in order for those stakeholders to maintain the work and to moti-
vate others to become involved. Within this project, there are also good opportuni-
ties for feedback to the project leader to assist with continual development of 
methods and eventual adjustments of the strategies.

The implementation of the activities in the strategy will be carried out by differ-
ent parties at a local, regional and national level. In order for the project to be suc-
cessful, the content and aim of the strategy must be well communicated. The same 
applies to new knowledge which is generated while the project is in progress and 
feedback of experiences. Thus, regular communication of results, new knowledge 
and experiences must be ensured to involve and inspire all parties involved.

Communication to all stakeholders needs to be retained and organised based on 
different needs. More simplified and comprehensive reporting and more in-depth 
follow-up research are useful for different purposes. Large information platforms 
with different channels are an effective way of having a collective communication 
system which is both comprehensive and easily accessible. For example, a 
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homepage can constitute the central platform where different information is col-
lected and organised into different parts and where all communication can be linked.

Communication and dialogue can take place both when gathered, for example, at 
yearly conferences or webinars, and successively in various forums. Digital possi-
bilities which can reach many are important so that communication is not restricted 
to face-to-face meetings as these often have a smaller number of participants.

To make a developing dialogue possible while the project is in progress, it is of 
great importance to have permanent underlying functions which spread information 
and good examples to the local stakeholders. This can ensure a long-term perspec-
tive in the activities by communicating the results of the work and channel-gained 
experiences. Temporary ad hoc efforts tend to lose engagement and energy and fail 
in the long run.

4.5  Review of the Strategy

Gradually as the results are followed up while those involved work with the imple-
mentation of the operational plans, it will become more apparent if the strategy has 
had the intended effect. Are we moving in the direction of the goal or are we focus-
ing on the wrong things? It will take time before the effect can be seen and patience 
and perseverance are necessary for the project to produce results. At the same time, 
it is important to review critically the strategic focus regularly and consider if any-
thing should be done differently. It is especially important to remember that the 
knowledge available will change over time.

The best time to review the strategy can vary depending on how much has hap-
pened in the field. On a strategic level, goals and focus should be reviewed around 
every ten years. Measures and activities which have a direct link to the operational 
plans should, therefore, be reviewed more often, approximately every three years. 
The aim is to keep the strategy alive and relevant.

5  Examples of Two Strategies

MSB is responsible for issues concerning civil protection, public safety, emergency 
management and civil defence as long as no other authority has responsibility. 
Responsibility refers to measures taken before, during and after an emergency 
or crisis.

SFPA is a non-profit public utility association that works for a fire-safe Sweden 
since 1919. The national association is complemented by 20 local associations in 
Sweden and cooperates closely with the CFPA (the international Confederation of 
Fire Protection Associations).

Having two strategies written by two different organisations can seem strange 
but they can have their advantages. In Sweden, MSB and SFPA have different roles 
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and different capabilities, and thanks to the interface between them, they can have 
slightly different but complementary focuses. MSB, as a government authority, can 
act with legal support within its jurisdiction but also has restrictions with regard to 
what can be asked of whom. SFPA does not have the same capabilities, but it is free 
from the governmental restraints.

5.1  MSB: A National Strategy for Improved Fire Protection

The vision “No one should die or be seriously injured as the result of a fire” is a 
guiding star for the national project, and in 2010, four strategic areas were identi-
fied: knowledge and communication, technical solutions, local cooperation, as well 
as evaluation and research. Within the area of evaluation and research, a number of 
indicators were developed in order to be able to follow up on development within 
the area in the long term. Three goals were formulated up to 2020: (1) the number 
of deaths and serious injuries as a result of fires in residential environments will be 
reduced by at least a third, (2) individual awareness of the risks of fires and how one 
should react in the event of a fire will increase and (3) the amount of functioning fire 
alarms and fire protection equipment in residences will increase.

The goals for the indicators will be followed up continually. For example, it can 
be stated that the number of deaths in residential fires reduced by 20% and the num-
ber of serious injuries by 25% between the years 2010 and 2018 (see Table 20.1). 
Now new goals have been set for the next ten-year period (2020–2030) [6]. The 
work has been based on the historic trend of the indicators and relevant external 
factors (collected through literature and workshops). Based on this, new goals were 
established using the keywords: Achievable and Challenging.

What measures should be taken in order to achieve the goals for 2030? Based on 
previous strategy projects, research within the field and workshops has been used 
and evaluated according to which measures are judged to have the greatest effect on 
the origin of residential fires and their consequences. Fatal fires and fires which lead 
to serious injuries are incidents which must be especially prioritised, but measures 
with a broad approach should be included in a national strategy.

Risk groups have been identified for incidents with different consequences 
(fatalities, fires with response from the emergency services and self-reported fires) 
and prioritised measures have been chosen based on the desired specific effect. In 
general, the measures have been categorised in five areas, and within these areas, 
activities can be found which the different parties involved can relate to. The most 
important measures can be found at a local level where other parties such as regions, 
property owners, interest groups, non-governmental organisations (NGOs) or insur-
ance companies can get connected and receive guidance. Within the prioritised 
areas, supportive activities can also be found at a systems level which concern, for 
example, legislative reviews, guidance or participation in innovations and standardi-
sations. The prioritised measure areas are:
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Table 20.1 Indicators and milestones from 2010 to 2030

Indicator
Start 
2010 2020 Goal 2030 Measure of effect

Number of fatalities in residential 
fires

102 79 Below 60 Personal injuries

Number of persons to hospital 
care

– 626 Below 600

Number of persons in institutional 
care

630 470 Below 400

Insurance payments regarding 
fires and thunderstorms (MSEK)

1870 1629 Decreasing 
trend

Property damages

Number of rescue service 
interventions in developed 
residential fires

2569 2695 Below 2500

Percentage of households with 
functional smoke detectors

79% 88% At least 95% Protective measures 
(performance of the 
individual)Percentage of households with fire 

extinguishers
36% 68% At least 80%

Percentage of households with fire 
blankets

4% 44% At least 70%

Percentage of municipalities with 
developed collaboration

– 48% – Protection production 
(performance of the 
municipality)Percentage of municipalities 

carrying out home visits
– 40% –

To improve fire protection in the home environment of particularly at-risk indi-
viduals. Examples:

To deepen the cooperation between those involved at a municipal level as well as 
municipal rescue services and social services and health care.

To identify individuals who require improved fire protection due to an increased risk 
behaviour and/or limited ability to react and act in the event of a fire.

To suggest and offer adapted risk reducing measures.
The investigation of responsibilities based on legislation connected to improved fire 

protection for at-risk individuals, e.g. those receiving home care.

Improved knowledge to prevent and act. Examples:

To map and identify different groups with a high risk of residential fires, e.g. spe-
cific residential areas. Based on the developed area profiles, directed target- 
group- adapted communication efforts can be carried out such as home visits, fire 
protection education within language courses for those who have recently come 
to the country or recruitment, and training of fire ambassadors in order to spread 
knowledge and the message of fire protection in society.

To educate primary school students on fire protection and safety, coordinated with 
other parties in the municipality (e.g. the police).

The development of support for the analysis of area profiles.
The updating of training material and national recommendations.
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To increase the number of functioning fire alarms. Examples:

The municipality should actively follow up on the property owner’s responsibility 
for the fire protection in multi-residential properties. Both technical and system-
atic fire protection in multi-residential properties should be monitored. It is 
appropriate to particularly follow up on fire protection in areas where home visits 
show that the number of functioning fire alarms is low.

To review the standardisation around fire alarms in residences. For example, analy-
ses, building regulations and general advice.

To work to carry out a first response within a short response time. Examples:

To analyse and plan in order to reduce the response time of a first response based on 
local conditions. Society’s collective resources should be considered and 
involved to the greatest extent possible.1

To develop knowledge through research, learning and innovation. Examples:

To work for innovation in the welfare sector and join digital initiatives by creating 
collaboration between health care parties who aim to reduce accidents and 
unwanted incidents among users of welfare services, for example.

Inventory of the need for research.
Coordination and financing of development investments and innovation processes.
To work towards the implementation of the knowledge of the future development of 

society in standardisations.

The measures have been identified as especially prioritised over the next 
3–4 years in order to achieve the goals in the national strategy. They should not be 
viewed as comprehensive, but instead as guidance for those parties who work within 
the area on where focus should be put in order to achieve the greatest effect. The 
measures complement other measures which are already in use or planned. We hope 
that, with the participation of many parties, the goals for 2030 will be achieved, e.g. 
the goal for reduced fatalities (see Fig. 20.5).

5.2  The Swedish Fire Protection Association Strategy: 
A Fire- Safe Residence for Everyone

SFPA’s strategy “A fire-safe residence for everyone” [7] encompasses all residential 
fires regardless of the size of the damage, even if efforts can then be prioritised and 
dimensioned with respect to size and cost/benefit. An important starting point for 
the position taken by SFPA is the certainty with which MSB’s strategy places 
emphasis on fires which result in fatalities or serious injuries, which means that 

1 See Chap. 18 for a description of capabilities and experience in relation to achieving a faster 
response time.
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Fig. 20.5 Fatalities in residential fires in Sweden between 2001 and 2020 and future goal to 2030

SFPA can focus more on other fires. Thus, the design of the two strategies provides 
a resource for both parties in which they both overlap and complement each other.

The process was given two main focuses: Strategies to influence individuals to 
act towards the goals and strategies to work through other organisations towards 
the goals.

SFPA’s strategy consists of four sub-areas: Sustainable residences; Safe care at 
home; Civil society’s involvement; A strategy for everyone. The final sub-area is 
perhaps the most important as it clearly demonstrates that success requires the help 
of many. The problems surrounding residential fires cannot be solved by anyone 
individually and SFPA has clearly taken the position to support MSB’s strategy as 
part of their own strategy. SFPA’s role as a non-profit is also valuable in offering a 
hub in the joint efforts. The sub-areas have the following focuses.

Sustainable Residences:

To gather the parties concerned in order to establish goals, knowledge acquisition, 
collaboration and the follow-up of the consequences of residential fires.

Ecological sustainability work is focused on reducing the environmental and cli-
mate impact of repairs and rebuilding after fires by reducing the extent of the 
damage. Primarily, with measures on how the buildings are constructed and what 
fire protection is used and then through residual value saving work.

Social sustainability work must utilise the importance of a residence as a place for 
well-being. Work relating to fires in socially vulnerable areas must also be 
addressed with special measures. Deaths and injuries are of course also included 
in this.

Economic sustainability work focuses on the costs of fires.
Resilient multi-residential buildings are an important issue which can be quantified 

by measuring in: the number of residences that need to be evacuated as a result 
of a fire; the time which evacuated residences are uninhabitable; the economic 
and ecological costs of damages after a fire. Timber buildings are considered to 
have the greatest need for measures and the goal is that they should have at least 
the same resilience as concrete buildings.
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Renewable energy and the technology built around it require fire safety. In this area, 
work is focused towards new knowledge and ensuring that the knowledge reaches 
where it is needed.

Safe Care at Home:

Knowledge in this area is insufficient and research is primarily needed in both prac-
tical and legal aspects.

The development of an injury prevention concept which systematically helps all 
parties to give residences a good quality of fire safety.

To work towards customised fire protection for equal fire safety. This forms an 
important approach which facilitates the work for those who want to help and 
aim to make a big difference for those who require help.

The groups have been mapped, in respect to personal risk, through research and 
appropriate help and relevant parties that can work to introduce this help are 
identified for each group.

Civil Society’s Involvement:

Involvement from civil society is growing in order to support society in crises and 
to ensure safety in the local area. SFPA invests in utilising such resources by first 
response volunteers (Swedish abbreviation: CIP), enabling the upscaling of this 
resource.

A Strategy for the whole society:

Many of us must help if we are to succeed and there are many who can make a 
difference.

The Swedish Fire Protection Association, together with the 20 local organisations, 
operates a nationwide operation in which we reach all the different levels of 
society across the whole country.

We are experienced and collaborate well with big parts of society and we want to 
contribute where we can together with those who wish to be involved.

We have long worked to support MSB’s zero vision – No one should die or be seri-
ously injured as the result of a fire – and we will continue to do so.
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Chapter 21
The Road Ahead

Marcus Runefors, Ragnar Andersson, Mattias Delin, and Thomas Gell

Abstract This chapter sums up some major findings and draws conclusions on 
desirable future directions for fire safety practices and research. Like in parallel 
fields of safety where human life is at stake, there is a need for a broadened systems- 
oriented approach, and towards preventing adverse consequences rather than pre-
venting their preceding events. Due to demographic transitions, the residential fire 
safety problem is increasingly to be seen as a matter of human vulnerability, thus 
raising new challenges for all actors involved in designing and providing living 
environments.

A resident is anyone from zero to hundred years or more. Regardless of age, 
abilities and health, everyone deserves safe housing conditions. This matter is a 
shared responsibility across sectors. Relevant actors need to be identified and 
ascribed roles in a more systematized multi-sectoral fire safety work. Fire safety 
technology already offers significant protection if fully employed. Yet, new chal-
lenges appear ahead in the wake of ageing populations, shifting lifestyles and 
household structures and changing housing policies for residents with special needs.

A major concern relates to the governance of fire safety at local, national and 
international levels with regard to leadership, monitoring, accountability, imple-
mentation, learning and sharing in order to ensure continuous improvements.
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1  Introduction

Like other adverse events, fires do not occur randomly, even if it sometimes may 
seem so. They always result from latent conditions (technical, social and organiza-
tional), allowing them to happen and influencing their likelihood and severity. 
Moreover, frequent adverse events like fires tend to appear with strong regularity. 
They tend to reoccur with similar frequency and patterns year by year, implying a 
resembling continuation in the future as long as nothing is done to really alter the 
situation.

These regularities and environmental latencies constitute the rationale for apply-
ing a holistic systems approach when addressing human risk problems. Human 
risks and their adverse manifestations reflect design features of human environ-
ments for housing, working life, transportation, etc., which are usually man-shaped 
and thus also usually modifiable. Historically, accidents and other adverse events 
were often blamed on the individual or seen as acts of God. Today, we know better 
and realize that it is by designing our human environments we also determine our 
human risks, and that it is a societal responsibility to continuously strive for safer 
environments.

Residential fire is a type of adverse event occurring in the home environment. 
The home as a system, or rather the “housing system” to include its users as well, 
constitutes in its inner core of the physical home plus its occupants and visitors. 
This core is surrounded by a spectrum of actors who, in various ways and to various 
degrees, influence the design of our housing system in its broadest sense: Who lives 
where and under which socio-technical conditions? What do we do, and what do we 
store in our homes? etc. The housing system is also located in a broader context in 
the form of built environments, business activities, infrastructure, climate and so on, 
bringing further actors into the scene.

In this final chapter, we wish to reflect on some major challenges and related 
potentials, based on the aggregate knowledge as presented in previous chapters of 
this book. These challenges and potentials are structured according to the above- 
mentioned system components, plus one overarching perspective intended to meet 
the need of continuous improvements (Fig. 21.1).

The remaining of this chapter is structured around the components in the fig-
ure above.

2  The Resident(s)

“Resident” includes human beings in ages from zero to a hundred years or even 
more. Over a long age span, human capabilities and associated needs of support and 
environmental adaption vary within wide frames. In periods of life, such as in early 
childhood, we are helpless and fully dependent on others, and in periods we might 
be well functioning and supposed to care for both ourselves and others in need. At 

M. Runefors et al.



365

Fig. 21.1 The components of the housing system

older age, many of our capabilities often diminish, making us once again dependent 
on the care of others. The way this collective responsibility is organized varies 
between societies and over time; historically within family structures and more 
recently through institutionalized welfare systems. Modern societies tend to move 
towards larger proportions of single households with older residents, often with 
multiple health impairments and less resilient to injuries caused by fire (Chap. 4). 
This makes way for excessive vulnerabilities with regard to a number of residential 
hazards, not least fire (Chap. 5). There are also younger groups, typically without 
impairments, that have a high risk since addiction to alcohol and drugs limits their 
abilities to respond in case of fire.

As clearly shown in several chapters in Part I, human life and health in case of 
fire are increasingly related to vulnerability characteristics. This fundamental obser-
vation implies important needs for further developments in fire safety:

Even though the risk groups of fires have been rather well known for quite some 
time (see Chap. 2), further efforts are needed to deepen our understanding of why 
certain groups are at elevated risk. The literature, which is almost exclusively from 
western countries, clearly points at the elderly as the main group of concern. 
However, “the elderly” constitutes a very heterogeneous group with regard to 
capacities, vulnerabilities and lifestyles, calling for more detailed studies on this 
matter in the future. Smoking and alcohol are well-known risk factors, but in addi-
tion prescribed drug consumption combined with functional and medical impair-
ments may play increasing roles. In other parts of the world, children still stand out 
as a group of major concern from a fire safety perspective (see Chap. 1). Why is that, 
and which developments in richer countries contributed to the significant reduction 
of fire fatalities in this group over time? In yet other parts of the world, women in 
younger adulthood represent the most exposed group in terms of fire-related mortal-
ity. This phenomenon still remains largely unexplained, although handful studies 
exist suggesting a spectrum of causes including dressing style, cooking habits and 
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various types of family violence. Further analysis and clarification are very 
much needed.

Expected future developments of fire-related mortality need to be better mod-
elled and projected, as input for elaborated and more realistic strategic planning at 
national and international levels. Such projections presuppose accuracy in historical 
data, both with regard to fire-related mortality and demography. Major determinants 
of fire-related mortality, as identified through research, such as health and disability 
status among residents, proportion of single households, prescribed drug consump-
tion, smoking and alcohol habits and so on, need to be taken into account as well. 
Parallel political trends in housing policy for frail and service-demanding elderly 
are other factors of concern.

Strategical conclusions must be reached in each country separately, based on 
national conditions, but some generic implications can be outlined. These include:

• Ageing populations and deinstitutionalization in health and social care raise new 
challenges for the fire safety community. A growing share of frail residents, often 
living in single households, with considerable health and functional impairments 
and often under incapacitating medication, tends to remain living in their origi-
nal homes without continuous assistance and surveillance. The challenges 
include installation (and sometimes development) of new technology to compen-
sate the reduced abilities, e.g. new alarms for the hard of hearing and extinguish-
ing systems for those unable to evacuate themselves in case of fire.

• Groups at risk in case of fire are characterized by elevated risks in many other 
respects, such as falls, suffocation, poisoning, suicide and cardiovascular issues. 
Fire safety professionals should seek collaboration with health and social sectors 
to provide broader safety solutions, taking all these problems into account. 
Addressing each risk one by one implies serious suboptimization of public 
resources and substandard solutions for those in need.

3  The Technology

Even though future technological innovation provides large opportunities to reduce 
the risk from fires, there is also a lot of currently available technology that should 
not be overseen. The most prominent example is the smoke alarm described in 
Chap. 8. This device has been instrumental in reducing the number of fatalities from 
fires and has received a wide adoption. Regulatory requirements on smoke alarms in 
many building codes have been vital to achieve this level of adoption, but also wide-
spread give-away programmes, which have shown to often be cost-effective 
(Chap. 13).

Other available technologies, such as sprinklers and stove guards (see Chap. 11), 
have not yet received the wide implementation of the smoke alarm. There are a few 
countries that mandate sprinkler in certain residential structures, but there is often a 
conflict with the interest to not increase the cost of new housing. The time span 
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needed for wide implementation is also substantial given that the lifetime of a build-
ings is many decades. Also, since the risk of fire for the general public is relatively 
low, it is not obvious that the investment in sprinklers can be motivated from a cost- 
benefit perspective (Chap. 13).

Stove guard is a newer innovation, tailored to handle cooking top fires, which is 
one of the leading causes of fire injuries in many countries. Despite this, the adop-
tion rate is quite low, which might be due to the rather high price and, possibly, 
reliability issues related to early products. However, given the rapid development of 
new sensors, it is not difficult to foresee that the stoves of the future will have the 
inherent ability to detect and prevent the ignition of materials on the stove.

A well-known fire problem, especially pronounced after the transition to 
petroleum- based materials, is upholstered furniture. In many countries, a large pro-
portion of the fire victims die before the fire has spread from the furniture first 
ignited. This requires measures to be implemented that influence the fire very early 
in the development. The most common way to address this is by fire-retardant treat-
ment of the materials (Chap. 10) which has been implemented in several codes in 
the US and in the UK some decades ago. However, environmental concerns about 
the substances being used have led to a partial roll-back of the requirements. This is 
despite the more environmentally friendly alternatives that have been lately devel-
oped [e.g. 1]. In parallel, there has been an effort to modify the most prominent 
ignition source in these fires, the cigarette, through the implementation of the RIP- 
cigarettes in many countries in the last decade. Unfortunately, this has been found 
not to be effective in reducing the risk of ignition (Chap. 10).

Other available sophisticated fire protection systems such as the detector- 
activated sprinkler system can hardly be motivated for all housing, but is very cost- 
effective for the high-risk groups previously described. This clearly illustrates the 
necessary link between the understanding of the resident and the specific technology.

Except for incremental improvements of available technologies, such as inter-
connected and/or multi-sensor smoke detectors or smoke detectors that are less sen-
sitive to user errors, it is difficult to foresee where new innovations that reduce the 
risk of residential fires will emerge. It can, however, be speculated that the surge of 
new technologies in the area known as Internet-of-Things (IoT) will provide huge 
opportunities as well as the increased installation of home surveillance cameras. 
What is clear, however, is that effective innovations will only be possible when the 
innovators have deep knowledge about the actual problem as presented in this 
anthology. Almand [2] has asked 14 global leaders in fire safety about where inno-
vation is most needed, and they primarily named cooking and upholstered furniture 
as key areas of concern.

Turning to generally technological development in society, this can provide both 
opportunities and challenges from a fire safety perspective. Exploiting potential 
synergies between fire safety and more generic developments can be both faster and 
cheaper than the development of stand-alone fire safety technologies. Several such 
synergies can be identified. One example is the reduced energy consumption in 
many consumer products, which decreases heat development both in the product 
and in potential bad connections in the fixed wiring system. Also, the introduction 
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of induction stoves, which results in both lower temperatures and that only metallic 
materials will heat up, is likely to reduce the risk of stove-related fires.

Although much of the technological development in the electrical system is 
likely to be positive from a fire safety perspective, there is also reason to closely 
monitor other developments such as charging of electric cars, solar panels, 
DC-circuits as well as energy storage in batteries or hydrogen. Although neither of 
those has so far proved themselves as major hazards in this respect, the development 
needs to be thoroughly investigated [3, 4].

Other developments in the building sector, such as increased use of wood as 
building material in large structures as well as the use of flammable claddings, can-
not be expected to have a large influence of the general mortality rates since the 
victims typically die early in the fire development. However, they do introduce the 
risk of large catastrophic fires such as the Grenfell tower fire. Another pronounced 
development in the building sector is low energy housing which requires very air-
tight buildings, which might cause very large pressures in case of fires, potentially 
hindering evacuation (Chap. 9).

4  The Actors

By tradition, fire safety in dwellings has been regarded as mainly the responsibility 
of the resident. In the days when people built their own houses/furniture and mainly 
depended on their family for support when in need, this was a natural view. But 
today, our houses are designed by architects, built by building companies, and we 
buy our furniture and household appliances from resourceful multinational compa-
nies. In case of unemployment or illness, we depend on others such as the society to 
provide support. It seems rational to put forward the idea that all those organiza-
tions, having a profound influence on the preconditions for a safe system, also take 
on the responsibility to make it safer beyond minimum standards.

The National Fire Protection Association in the United States has formulated the 
notion of the “Fire & Life Safety Eco-System” [5] presented in Fig. 21.2. This idea 
of an ecosystem with a plethora of actors having a significant impact in different 
phases of a process aiming at creating fire safety is quite useful and underlines to a 
large extent the same idea of the importance of the responsibility of the “system 
designers” as put forward in the Vision Zero philosophy (see Chap. 15).

The Vision Zero target statement can, at least initially, be difficult to grasp as it 
seems to have an air of unrealistic or wishful thinking. However, behind the ethi-
cally motivated statement itself, as described in Chap. 15, there is a consistent 
underlying systemic safety philosophy that is truly goal-oriented and pinpoints 
responsibilities and driving forces necessary to create a safer system.

The mobilization of the entire system of actors, striving in the same direction, 
would benefit from better structures of incentives. Today, it is not rare that the sav-
ing of one actor becomes another actor’s cost, or a resident’s fatality. The national 
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Fig. 21.2 The NFPA Fire & Life Safety Eco-System. (Source: Reproduced with permission from 
the National Fire Protection Association, Copyright© 2020, NFPA, Quincy, MA.  All rights 
reserved. For a more information on the referenced subject, please go to www.nfpa.org)

strategies presented in Chap. 20 invite and encourage all actors to participate based 
on existing frameworks of legislation, altruism and own decisions, e.g. responsibil-
ity in line with Agenda 2030, but better incentives, e.g. economic, are needed in the 
future, and we need to monitor a broader spectrum of values of a resilient residence 
and correlate incentives to that.

Much of the programmatic activities and campaigns that have been directed 
towards the residential fire problem have been performed by local fire services, 
often with support from the national level. Some of the efforts have been very suc-
cessful, such as the campaigns to increase the share of households with working 
smoke alarms. However, in most cases, campaigns and other interventions within 
the fire safety area are poorly measured and evaluated, making it difficult to judge 
their effectiveness. As suggested in Chap. 16, partnering with academic institutions 
can be an effective way to acquire a capacity for the design of measurable pro-
grammes and can also develop institutional capacity to sustain such programmes.
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The community of involved actors, however, stretch far beyond “the usual sus-
pects” – i.e. the organizations that we normally understand as the Fire safety profes-
sionals; the fires services, the fire appliance industry, fire engineering consultants, 
the building inspectors, etc. As described in, e.g. Chap. 2, the population most at 
risk for not surviving a residential fire is a very selected group of people, whose 
vulnerabilities render them unable to manage even a trivial fire situation. In this 
respect, caregivers and domestic help providers might be the key actors for identify-
ing at-risk individuals and as well as for providing additional safety measures. The 
establishment of broad efforts, involving fire, social, health and other experts, is 
therefore a natural way forward. Such programmes and initiatives exist, but as 
pointed out in Chap. 17, preventing fire for vulnerable groups can in part be seen as 
a ‘wicked problem’, as there are challenges that transcend sectoral boundaries; and 
span several public agencies, thereby involving different areas of policy across sev-
eral political-administrative levels. A major obstacle is, in many cases, regulations 
on data protection and privacy, making it difficult to share information as needed for 
cross-sector cooperation to be meaningful and effective.

Another aspect of stretching beyond the actors mainly present today is the use of 
volunteers and semi-professionals to gain time for the first response to a residential 
fire, perhaps a neighbour intervening in case of fire, as described in Chap. 19. This 
is still a novel strategy, but is probably a safety measure worth to expand and develop 
further to save lives. Perhaps it can be optimized in combination with the rescue 
service with the use of the model in Chap. 12.

One systemic problem when it comes to housing is that the building industry in 
general hardly works according to industrial principles and also has a very low level 
of standardization. Even in cases where the production is partly industrialized, as in 
the case of buildings constructed of prefabricated modules, the assembly of these 
modules into complete buildings might fail due to lack of quality control and an 
educated workforce. Further, the non-uniform and ‘bushy’ nature of the building 
industry are also making it difficult to get it to take on its responsibility as a key 
actor in the fire safety ecosystem. Fire safety, albeit included in material standards, 
in building codes and normally subject to some type of inspection, is seldom 
regarded as a true value in the finished building. It is  rather seen as a burden or 
costly add-on, generally leading to migration towards minimum legislative 
requirements.

A relevant question is thus: how can fire safety become a core value in residential 
buildings – for the building industry as well as for the residents? One role-model is 
undoubtedly the automotive industry, where safety has become a key characteristic, 
valued by the car-buyers and something the car manufacturers must relate to if they 
want to stay in business. A way forward could possibly be to try to make the fire 
safety characteristics an inherent value in the rating systems that already exist for 
“green” or “sustainable” buildings.
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5  Governance: Leading, Learning and Sharing

As presented in Chap. 2, much is known about the characteristics of victims of fatal 
fires and the risk factors associated. The chapter also clearly demonstrates the strik-
ing similarities among those factors across the investigated countries, which is 
instrumental for cooperation. It should, however, be noted that the studies are almost 
exclusively performed in Western countries and, given the differences in age- and 
sex patterns for some countries found in Chap. 1, more variation on a global scale 
can be expected compared to what is apparent in the published literature.

There are also still some issues on data collection with the lack of consistent 
global data on fire fatalities, which causes difficulties in comparing countries and 
injury patterns. Some efforts are underway to develop joint criteria in the European 
Union [6], and a new ISO-standard has also recently been released [7]. However, 
there is still a long way until a coherent definition and coding of fire fatalities have 
been implemented globally.

Systematic safety work relies to a large extent on access to data. Data on the 
adverse events themselves – the fires – is normally collected by the fire and rescue 
services as outlined in Chap. 6. But such data also must be supplemented by data 
from other sources for the purpose of deeper analysis and contextual understanding. 
In the case of fire injuries or fatalities, information from databases in the health and 
forensic sectors, police, etc. (see Chap. 1) are needed. When evaluating fire safety 
interventions, such as fire safety education campaigns (Chap. 16) or cost-benefit 
analysis of “hard” fire safety measures (Chap. 13), the activities themselves have to 
be measured and data, including cost data, made available for analysis. In these lat-
ter areas, there is room for much improvement, as the evidence-based tradition 
within the fire safety community has been rather weak. GIS-based and geostatistical 
analysis, Chap. 18, where geo-coded fire data and census data are included in the 
models, is a powerful tool for investigating and visualizing the spatial and social 
distribution of fires, as well as for planning and prioritizing optimal areas for local 
fire safety activities.

Even if characteristics and risk factors are of vital importance for prevention, 
more is needed to develop a sound and evidence-based strategy for prevention. This 
need to be based on much richer data than the register data typically used in research 
today. The investigation of fatal fires needs to account for the full social and organi-
zational environment around the victims to identify how the outcome could have 
been prevented. This requires additional scientific disciplines to be involved in the 
investigation, such as sociologists, political scientists, geriatrics, etc.

The investigation should probably also include non-scientific actors more famil-
iar with the system, such as authorities at different levels and possibly companies in 
the field. To retain the interest of those actors, the generation of generalized scien-
tific knowledge should be in tandem with local knowledge on actual events. One 
example of such process is the OLA-process regularly performed in the road sector 
in Sweden, where selected traffic accidents are reviewed by a group of selected 
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actors, which has the capacity to implement measures to reduce the risk of similar 
accidents in the future.

Such a process is believed to result in the implementation of actual preventive 
measures in society in tandem with the long-term development of general scientific 
knowledge that may benefit actors outside the local context.

As previously mentioned, there is an enormous gap in knowledge regarding the 
fire risk of the great majority of people living outside the western countries. As 
described in Chap. 1, the most common source of residential death and injury data 
for many low-income countries is burn data, which often doesn’t include the source 
of those burns (i.e. fire or another source). However, there is ample reason to assume 
that the bulk of fire fatalities in those countries also occurs in residential settings. 
Primitive stoves are a major cause of fires and burns in most developing countries, 
with women and children at particular risk.

In contrast to high-income countries, where an ageing population [8] will create 
challenges for residential fire safety, the situation in low-income countries is differ-
ent, but probably even more problematic. On a global scale, more than one billion 
people live in informal settlements with little or no built-in fire safety. The urbaniza-
tion is rapid; by 2050, two thirds of the world’s total population will live in urban 
areas, and 1 billion dwellings will have to be built in such areas to accommodate this 
increase [9].

The fast population growth in, e.g., sub-Saharan Africa will create megacities 
with little means of providing its citizens with proper infrastructure or housing. One 
such example is Lagos, Nigeria, where the population in 2021 is estimated to be 
close to 15 million, a number that is expected to double by 2050 – making it the 
third largest city in the world [10]. It is evident that this development will create 
residential environments with serious possibilities of aggravating the burden of resi-
dential fire injuries and fatalities. Whether the residences will be in the shape of 
makeshift dwellings or substandard high-rise “slum” buildings, the risk for mass- 
causality catastrophic fires can be expected to be high.

It is not realistic to expect countries or cities under such a rapid expansion and 
lack of national education or capacity in fire safety engineering to be able to apply 
our western type of fire safety standards. There is a strong need now to begin fire 
safety “capacity building”, including [11]:

• Enhanced fire loss data capture and analysis.
• Build-up of fire safety education and research capacity.
• Transfer of adapted technology and knowledge.
• Contextually appropriate adaptations of western codes and standards.

Fortunately, lessons learned in the western world can accelerate this capacity 
building – calling for a wide partnership with different stakeholders/resources.

In the ongoing work with the 2030 Agenda for sustainable development [12], fire 
is a topic, but most attention regarding fire in general seems directed towards wild-
fires coupled with climate change. However devasting those fires are, the potential 
for large-scale fire disasters involving mass casualities is probably higher in urban 
areas. There are, therefore, good reasons for emphasizing the risk for both small and 
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large-scale fires in residential areas in the developing megacities. Such an emerging 
risk falls naturally, e.g. under the UN Sustainable Development Goal no 11.1 – “By 
2030, ensure access for all to adequate, safe and affordable housing and basic ser-
vices and upgrade slum.”.

The International Association of Fire Safety Science (IAFSS) highlights the need 
for the fire safety community to be part of the solution to what can be called “Grand 
societal challenges” [13]. Two such challenges where fire safety has an important 
role to play were identified as (i) climate change, resiliency and sustainability, and 
(ii) population growth, urbanization, globalization and changing demography. In 
that context, it is evident that residential fire safety is a core fire issue in the 
2030 Agenda.

6  Conclusions

This book provides a comprehensive overview of various aspects relating to fatal 
fires and their victims. Based on this, and the discussion above, several conclusions 
can be drawn including the ones mentioned below.

There is an increasing need to focus on high-risk groups, especially older 
adults and socio-economically marginalized groups, and this requires additional 
disciplines to be involved in fire prevention. It is not enough to have a focus on pre-
venting the fire, instead fire safety promotion of tomorrow should also address the 
capabilities and limitations of the victims as well as the social and organizational 
context surrounding the individual. This has implications for the organization of fire 
safety practices, where it is hard to imagine successful fire prevention efforts with-
out the involvement of social services as well as NGOs who are regularly in contact 
with the groups. It also has implications for the level of fire prevention in homes; 
given the limited amount of resources in society and the comparably low risk of 
fatal fires for the general public, it can hardly be motivated to invest in sophisticated 
fire protection technologies, such as detector-activated sprinklers, for all citizens. 
Rather, there is a need to improve our abilities to tailor the fire protection depending 
on the needs of the individuals. Finally, it has implications on fire investigation 
where not only cause and origin of the fire should be sought but also how different 
latent conditions contributed to the final outcome.

Most of the western countries have come a long way in reducing the number of 
fire fatalities, while the rates in many poorer countries are significantly higher. This 
calls for an increased global perspective on fire safety, e.g. in the spirit of 2030 
Agenda goal 17 “Partnerships for the goals”. This includes both research to under-
stand the differences in the fire problems in these countries compared to the coun-
tries where most of the research has been performed. However, it also includes 
global cooperation and capacity building in countries with a high risk to not only 
understand, but also to reduce the risk.

For general fire safety in society, there is a need to promote innovation, and this 
can, at least partly, be addressed by appropriate incitement structures and an attempt 
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to promote fire safety as an inherent quality of buildings and products. This can also 
help to address the limited adoption rate of available technologies beyond the smoke 
alarm, such as stove guards and residential sprinkler systems. A problem related to 
innovation for residential fires safety is the lack of resources and driving forces for 
a dedicated common effort; the system and its actors are simply too disparate and 
scattered compared to, for example, fire safety of underground structures. Most of 
the research and development within the area is founded by governmental agencies, 
with minimal contributions from the other system designers/actors.

There is also clearly a need for increased knowledge in several areas, not least 
about the situation in non-western countries with regard to fire safety. There is also 
a need for more knowledge about factors that promote and hinder effective preven-
tion efforts and also the cost-benefit of available means for reduction of fire risk, 
both in general and for specific groups.

However, no change will occur without political leadership. Political goals 
should be set, strategies redesigned to meet these goals, and a sustainable governing 
system put in place to ensure their systematic implementation. The Vision Zero 
approach may serve as a model of inspiration. In addition to these national chal-
lenges, there is a need for strengthening global leadership as well, to reach improved 
international support, coordination, benchmarking and learning across nations. The 
residential fire problem can be seen as a core fire safety issue in relation to major 
challenges such as climate change, resiliency, sustainability, changing demograph-
ics and urbanization. Therefore, there are strong factual and strategic reasons to 
integrate the ongoing and future work on residential fire safety into major political 
initiatives such as the 2030 Agenda.
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