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EXECUTIVE SUMMARY

RESEARCH AIMS, AND BACKGROUND AND RESEARCH
PROGRAM

The aims of the Impact of Emerging Social Change and
Technological Developments on Fire Service Operations research
are to:

e Evaluate the social changes of most significance to fire risk in
the community, and therefore of most importance to the New
Zealand Fire Service (NZFS);

e Help the NZFS achieve more effective allocation of resources to
future fire safety education and research;

e Identify a priority set of technologies, which the NZFS could
potentially adopt, for further evaluation.

A combination of social and technological changes are widening the
risks society faces from fire and other emergencies, but are also
presenting new opportunities for the NZFS to achieve its mission to
reduce the “incidence and consequence” of fire more cost-
effectively.

McDermott Miller designed a research programme to identify risks
and opportunities presented by these changes and to produce a
prioritised “short list” of promising technological developments with
potential to assist NZFS in its operations and in furthering its
mission.

Five core tasks were covered in the research programme:

e Task 1 Assessment of Social Changes. This task is reported
in Section 2 below.

e Task 2 Assessment of Consumer Technology Changes,
covered in Section 3 of this report

e Task 3 Assessment of emerging property fire detection
and suppression technologies, in Section 4 of this report.

e Task 4 Assessment of emerging technologies NZFS could
adopt itself, in Section 5 below.

e Task 5 Interpretation and Reporting - Overall assessment
of risk and opportunity covered in Section 6.

MAIN FINDINGS
Impacts of Social Changes

Social Changes tending to Increase Fire Risk in the Community

e Modest economic growth means there is likely to be a persistent
"Lower socio- economic people” segment of the community
living in absolute (not just relative) deprivation; this group most

NZFS Impact of Emerging Social Change and Technological Developments iv
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at risk from fire will continue to be a growing challenge for fire
risk management.

e Increasing population of "“Older People” combined with
government "“aging in place” policies and older people’s
preferences means more people living alone and a growing need
to maintain fire safety in the home.

e “Maori and Pacific Island People” will become a larger proportion
of the population; their needs will need to continue to be
addressed in Fire Service’s community education programmes.

e Rate of owner/occupancy will continue to decline; growing
numbers of “People living in rental property”.

e Greater mobility combined with increasing importance of
“virtual” communities have weakened ties to a conventional
neighbourhood/community; has implications for social capital
including volunteerism and other aspects of mutual support
within communities.

e Increasing immigration, with more Asian and other immigrant
groups without English as a first language, means increasing
challenges for effective fire safety community education...

e Consumption of alcohol is increasing, and a “binge” pattern of
consumption is apparent (though not necessarily increasing).

Social Changes tending to Reduce Fire Risk in the Community

e Increasing levels of education which may boost community
receptiveness to more sophisticated fire safety messages and
adoption of fire safety behaviours;

e Rapidly increasing use of Consumer ICT facilitating transmission
of fire safety messages from NZFS to community.

e Consumer ICT facilitating two-way communication between
public and emergency response organisations during
emergencies.

e Trend towards more intensive urbanisation, including infill
housing in suburban areas and apartment living in downtown
areas.

Impacts of Consumer Technology Changes

e Social media and smart portable devices have great potential
for improved two-way communication between the public and
emergency services, and communication between private
individuals and groups during recovery from an emergency.

e Smartphones (and other portable devices) have potential for
“crowdsourcing” data in “routine” fire incidents, so that the Fire
Service has more intelligence available prior to arrival at an
incident. This data could include:

« Mobile phone caller location giving the précised location of
incident, for rescue purposes or so that risk plans, floor
plans etc can be retrieved by the responding officers in
advance;

NZFS Impact of Emerging Social Change and Technological Developments \Y
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« Images and video, together with data from miniaturised
sensors in the smartphone (eg detection of gasses).

Impacts of New Property Fire Detection and Suppression
Technologies

Domestic

e Technologies for improving performance of residential smoke
alarms through requiring less maintenance (10 year life with no
battery change), reduction in false alarms etc; interconnection
of smoke alarms.

e Wireless connection of residential smoke alarms to the internet
and other devices in the home.

e In particular, wireless integration of smoke and heat detectors
with other personal and household security sensors including for
example medic alert alarms monitored by expert systems
software can detect emergency situations and provide
information to security providers and emergency responders.
Such systems can support “aging in place”.

e Partial coverage sprinklers have potential for cost-effective
reduction of fire risk.

Commercial/Industrial

e Improving ‘“Integrated building management systems”
incorporating interconnected smoke detectors and sprinklers
have potential for cost-effectively improving protection of
commercial and industrial buildings. These enable earlier
automatic detection and suppression, and provide intelligence to
responding fire officers.

e More intelligent, accurate sprinkler systems.

Impact of Emerging Operational Technologies for NZFS

e The development of broadband wireless connectivity - 3G and
WiFi - means that it is now possible for intelligent
alarm/detection systems, OICs at incidents, firefighters
themselves, Comcen, and the public’s smartphones to transmit
rich data to support fire fighting and other emergency response
options. In future, implementation of 4G/LTE networks will
increase wireless bandwidth much further.

e Greater computing power on portable devices, including
smartphones, mean that more processing can be carried out in
the field, eg running applications to analyse visible light and
thermal images, or for command and control decision support
purposes.

e Miniaturisation, reduce power demand and expanded range of
sensors for detecting fire, environmental conditions in a fire, fire
fighters physiological status; wireless interconnection between
sensors and intelligent processing and interpretation of the data
flowing from sensors.

NZFS Impact of Emerging Social Change and Technological Developments Vi
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Reduced weight and lower power demand of such sensors mean
they can be mounted on firefighters (eg head mounted video
cameras or thermal imagers), in building structures or on walls,
in cameras for visual monitoring on in the public’s smartphones.

With data coming from sensors placed within structures, on
firefighters, on vehicles and possibly from the public’s
smartphones there is an increased prospect of incident
commanders/managers being subject to “information overload”.
As covered in the literature review, decision support/expert
systems are being developed for use by fire/emergency
responders which will help commanders/command teams
identify/distil what actions to take.

Provision of improved intelligence (plans, other images, text,
and other information) at incidents, and on the way to
incidents, so that officers and their teams at incidents can be
more rapidly effective.

OVERALL ASSESSMENT OF RISKS AND OPPORTUNITIES

Risks

The following trends tend to increase fire (and other emergency)
risks:

The “aging” of the population; in particular increasing numbers
of people aged over 75 living independently in the community.

Increasing population in other “at risk groups”, including Maori,
Pacific Islanders, and migrants who do not have English as a
first language.

A persistent high-alcohol consumption (“binge drinking”) sub-
culture, particularly among the population 16-25 (Males in this
age group have an elevated risk of injury by fire refer AFAC
2009).

If civil unrest occurs locally, social media and smartphones
make it easier for crowds to assemble, which could (in principle)
start fires and/or impede the Fire Service in its duties (we see
this as a minor risk however).

A constrained economy over the medium term will mean limited
job growth and continuing high unemployment. This indicates,
unless effective social, training and employment policies achieve
otherwise, an “underclass” will persist and perhaps grow larger.

Straightened economic conditions and house price decreases
have led to households seeking to reduce debt rather than
invest more in their houses. This means that households will be
less inclined to take up the opportunities to reduce the risk of
fire they faced by investing in interconnected “smart” domestic
smoke alarms (hardwired or wireless).

Similarly, a tight economy may mean owners of
commercial/industrial properties not taking up the opportunity
to invest in modern, intelligent detection or suppression
systems.

NZFS Impact of Emerging Social Change and Technological Developments vii
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Opportunities

On the other hand, trends that tend to create opportunities to
enhance achievement of the Fire Services outcomes include:

Falling population in younger, risk taking age groups.

Successful road safety campaigns against drink-driving have
meant a reduction in serious motor vehicle accidents, and
provide a precedent for current campaign to reduce cooking
while intoxicated.

Adoption of safer home heating technologies, with portable
radiant heaters and open fires being replaced by heat pumps.
Government and regional incentives programmes to achieve the
National Environment Standards for Air Quality are helping to
promote this shift, which can be expected to have fire-risk as
well as environmental benefits.

Wireless interconnected domestic smoke alarms with long-life
batteries will provide the benefits of hard-wired smoke alarms
at lower cost and could therefore be taken up more rapidly by
the household market. Even “stand-alone” domestic smoke
alarms with 10-year battery life are a major advance on
traditional types which require checking and replacement of
batteries. Futher, dwellings that comply with Clause F7—
Warning systems of the New Zealand Building Code, which
came into effect in 2003, will be a growing proportion of the
total housing stock.

At a more sophisticated level, integrated domestic security,
medical and fire safety systems wirelessly connected to security
providers will become more intelligent and perhaps more
affordable. These will involve multiple sensors, together with
expert system software to identify situations requiring
intervention/assistance and to automatically notify security
providers or 111 accordingly. These systems, if adopted and
installed in sufficient numbers, could partially offset the
increased risk associated with an aging population. Those
elderly people (for a given level of frailty) living independently,
with such technology installed, will be safer than those of today.

In commercial/industrial properties detection and suppression
systems are also becoming more intelligent. Networks of
sensors combined with expert system software can assess when
emergency services need to be called, and this will reduce both
damage from fires and the numbers of false alarms.
Suppression systems, if triggered, will be more targeted and
effective, and cause less water damage. An increasing
proportion of new commercial/industrial buildings will be fully
“intelligent”. The challenge is, of course, to induce property
owners to retro-fit such systems, when even the current
generation of detection and suppression systems have had low
rates of take-up.

Such intelligent building systems can transmit data directly to
the Fire Service comcen and responding appliances. Of course
the Fire Service will need to invest in the technology to receive
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and analyse this data, but, if so, they have the potential to
make responding crews more effective, more quickly and so
reduce fire damage, risks to fire fighters, and the environmental
effects of fire-fighting.

e Decision Support/Expert systems are being developed by the
Fire Service to assist Officers in Charge make more rapid and
effective decisions based on the information provided to them.

e Smartphones and other consumer portable devices will carry an
increasing range of sensors and be able to process the data to
detect emerging situations and transmit it, along with video and
images, to emergency responders. Technologies are being
developed to assist emergency responders compile, analyse and
interpret such “crowd sourced” data.

e Sensors on firefighters to measure environmental conditions to
interact with those installed in buildings for purposes of
location, combined with lighter Head mounted Displays (HMD)
and biometrics have potential to make firefighters both safer
and more effective.

e Existing, but not fully adopted by NZFS, fire fighting
technologies such as CAFs also have potential to increase
firefighter effectiveness.

Balance of Risks and Opportunities

On balance, social changes are tending to increasing fire risk, and
technological changes to reduce fire risk and facilitate achievement
of the Fire Service’s National Goals and outcomes. Technological
changes have the potential to more than offset increasing risk from
social changes such as population aging.

The proviso is that new and emerging active fire protection
technologies are adopted by households, commercial/industrial
building owners and by the Fire Service itself. In the short term, in
a tight economy, investment by any of these parties is likely to be
limited. The challenge to the Fire Service is to help ensure the
opportunities presented by the emerging technologies are realised.

PRIORITY FIRE SERVICE OPERATIONAL
TECHNOLOGIES FOR FUTURE INVESTIGATION

Based on the assessment presented in this report, we suggest the
following technologies as priorities for the Fire Service (not
including technologies already being investigated under the Fire
Service’s ICT strategy) together with the rationale for selecting
them. These are listed in a provisional descending order of priority;
future, more detailed investigations could lead to this order being
revised:

1. Reduce false alarms by encouraging building owners to
modernise fire alarm systems. This emerges as a top priority
for two reasons: first, false alarms impose unnecessary costs on
the Fire Service, its volunteers, and on their employers. Second,
most of the emerging technologies for collection, transmission

NZFS Impact of Emerging Social Change and Technological Developments ix
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and analysis of intelligence by the Fire Service itself require
inputs from a smart detection system.

2. Vehicle-based or Portable Incident Information Display
via IP (internet protocol) network, eg risk plans. The
provision of intelligence/information to OICs directly to help
them establish effective command and control more quickly is a
clear priority. This technology is also prerequisite for the other
technologies such as cameras and thermal imagers mounted on
or carried by firefighters, or data received from public’s
smartphones.

3. Transmission of video by cameras on firefighters
together with image analysis software to analyse video
for location, size and movement. This can include both
visible light video, and thermal imagery. In the literature review
we outline how the hardware and software (algorithms) have
developed to increase the power to detect flame and hotspots,
and to detect persons in both fire and Urban Search and Rescue
situations. There are potentially substantial benefits in more
effective command and control, and in firefighter safety and
effectiveness.

4. Technologies to maximise flexibility in training
time/place and in learning style (visual, auditory,
kinaesthetic). The desirability of improving training of volunteer
firefighters while managing demands on their time came
through strongly in our consultation in the Survey of Area
Managers.

5. Modelling/simulation to refine Ilocation of stations
and/or resources. Methodologies for refining the models
used to locate fire stations and allocate resources are reviewed
in Section 6.3. While the Fire Service’s current National
Resource Allocation Model (NRAM) is, according to the Fire
Service’'s 2011/14 Statement of Intent, a major technical
advance on previous procedures, developing theory in this area
may mean further improvements are achievable.

6. Devices on firefighters for location in structures. This is
important for both for purposes of firefighter safety, and for
effective fire fighting. A number of technologies for locating fires
were covered in the literature review, including GPS and RFID
tags, and “motes”; the latter two require investment by building
owners.

7. Innovative live fire simulators. The reduction in real fire
incidents means there is a need for live fire training and it is
unlikely that computer simulations will ever entirely replace this
need. We suggest the relatively low cost live fire simulators
discussed in Section 5.3 should be investigated further.

8. Command and Control Simulators. In the survey of Area
Managers the command and control simulators for training were
thought to have priority over computer (non-live fire)
simulators. We suggest that further investigations be carried
out into the command and control decision support

NZFS Impact of Emerging Social Change and Technological Developments X
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methodologies covered in the literature review. Most can be
used for both training and as decision systems in actual
operations.

9. Location of caller’'s mobile phone together with capability
to receive and analyse other data on incidents. The
various means by which the public can provide useful data to
the emergency services are reviewed in Section 5.3; these
range from the location of the calling phone (using GPS or more
complex approach to locate the phone within a muti-storey
structure), through images and video and eventually data from
other sensors imbedded in the phone. Using Quick Response
(QR) codes could be a further, future step.

10.Compressed Air Foams delivery systems. This is an
existing technology, but we were informed by Fire Service
managers that the potential of CAFs for more effective fire
fighting, with less polluting water runoff, have not been
realised. We suggest the reasons for this be examined in more
detail than we have been able to here. We also recommend a
cost-benefit study be carried out on the possible wider adoption
and use of CAF by NZFS.

INVESTIGATION PRIORITIES

We conclude this research by identifying four high-priority topics for
further investigation. While these are numbered one to four, we see
these as being of approximately equal importance.

1. Research the commercial and industrial building market for
modern intelligent IP connected alarm/suppression systems.
The research would include:

o building owners’ awareness and perceptions of these
technologies by;

o« the perceived barriers to retrofitting these in existing
buildings them and how these could be overcome;

o a financial cost-benefit assessment of these system, from
the point view of building owner;

e an economic cost-benefit assessment of these system from
the national perspective (benefits include savings of false
alarm callouts)

2. Research the domestic market for modern smoke alarms at
increasing levels of cost and sophistication, including as part of
an ‘“intelligent” integrated domestic security system. The
research would investigate, inter alia:

o« Domestic property owner’s awareness and perceptions of
these technologies;

e The perceived barriers to adopting them and how these
could be overcome;

o a financial cost-benefit assessment of these system, from
the point of view of the property owner;

NZFS Impact of Emerging Social Change and Technological Developments Xi
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e an economic cost-benefit assessment of these system from
the national perspective

There should be two target samples in the research; first,
owner-occupiers, and, second, landlords of domestic rental
properties, who will make the required investments. Boost sub-
sample should be made of “at risk” group households.

3. Evaluate vehicle-based or portable Incident Information Display
systems for receiving, analysing and displaying:
o risk plans
o data from smart fire alarm systems

o location, video and other data from the public's
smartphones (crowdsourcing).

4. Evaluate technologies to maximise flexibility in training
time/place and in learning style. This would involve inter alia:

e Surveys of career and volunteer firefighters on how they
prefer to learn;

o (Case studies of use of modern ICT, including Course
Management Systems and games-technology based
simulators, in emergency services training (particularly
involving volunteers) in NZ and internationally;

« Assessment of the barriers to more intensive use of these
technologies in NZFS (technical/financial/attitudinal) and
how these could be overcome;

o Evaluation of specific training systems.
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1. SCOPE OF THE RESEARCH

1.1 RESEARCH AIMS

The aims of the Impact of Emerging Social Change and
Technological Developments on Fire Service Operations research
are to:

e Evaluate the social changes of most significance to fire risk in
the community, and therefore of most importance to the New
Zealand Fire Service (NZFS);

e Help the NZFS achieve more effective allocation of resources to
future fire safety education and research;

o Identify a priority set of technologies, which the NZFS could
potentially adopt, for further evaluation.

1.2 BACKGROUND

A combination of social and technological changes are widening the
risks society faces from fire and other emergencies, but are also
presenting new opportunities for the NZFS to achieve its mission to
reduce the “incidence and consequence” of fire more cost-
effectively.

Relevant social changes include:

e Increasing percentage of the population falling into the groups
identified by the Fire Service as particularly “at-risk” of fire;

e Decreasing percentage of houses owned by their occupiers;

e Intensifying urbanisation including higher density housing -
apartments, infill housing etc;

e Increasing levels of education which may boost community
receptiveness to more sophisticated fire safety messages and
adoption of fire safety behaviours.

e A perception that crowds are less likely to assist the NZFS and
other emergency services, and may deliberately cause or
exacerbate emergencies;

The use of social networks and smart portable devices which:

e can be used to transmit useful information to emergency crews
responding to calls;

e can be used by emergency service to communicate with the
community during emergences;

e provide opportunities for dissemination of fire safety messages;
and,

e but can increase risks of rapid formation of crowds that cause or
exacerbate emergency incidents;

NZFS Impact of Emerging Social Change and Technological Developments 1
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New and emerging active fire protection and fire fighting
technologies can potentially:

e increase the level of fire detection and suppression that
property owners can provide for themselves;

e reduce NZFS response times, through improving location of
resources and traffic information;

e provide more information to fire crews before they arrive at
incidents so they become fully effective more quickly;

e Support Officer in Charge’s command and control at incidence;
e improve firefighter safety and effectiveness at the fireground;

e cost-effectively improve training of both career and volunteer
firefighters;

e reduce the impact of fire service operations on the environment.

Given the range of these trends, their interaction and contrasting
directions of their potential effects, the NZFS perceived the need
for an overall assessment of them under its Contestable Research
Fund (2010-11 round). McDermott Miller designed a research
programme to identify risks and opportunities and produce a “short
list” of promising technological developments with potential to
assist NZFS in its operations and in furthering its mission.

1.3 SUMMARY DESCRIPTION OF METHOD

The purpose of the research is to help the Fire Service anticipate
social and technological changes that are likely to impact
significantly on the fire risks faced by the community and on
achievement of the Fire Service's Strategic Objectives (Refers
Strategic Directions page of the Commission’s website).

Research Questions

The research is essentially qualitative, with limited quantitative
analysis. Therefore, the research objectives are framed as a series
of questions to explore and answer, rather than as hypotheses to
be tested.

The following research questions were framed, after consultation
meetings with NZFS managers and an extensive literature review,
to identify the direction of the research project and to limit its
boundaries:

e What are the significant social changes that are impacting on
levels of fire risk and therefore demand for NZFS services?

e What are the key developments in consumer technologies, and
in their use by the community that present opportunities for
more effective NZFS operations?

e Could the use of new and emerging technologies incur increased
fire risks in any way?

e What emerging fire detection and suppression technologies
should NZFS encourage residential and commercial property
owners to adopt; in particular, which of these have most

NZFS Impact of Emerging Social Change and Technological Developments 2
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potential to limit fire risk among growing “at risk” groups in the
community?

e What are the most promising technologies that NZFS could itself
adopt to cost-effectively improve its operational outcomes?

Research Approach

While the research includes original data analysis, the methodology
consists largely of consultation and literature review. We have
drawn on the existing knowledge within the NZFS of new and
emerging operational and property fire detection and suppression
technologies. But there is a need for this knowledge to be collated,
assessed, compared with international experience / knowledge and
made available to users/future researchers both within and outside
the NZFS.

McDermott Miller Strategies has adopted a triangulation approach
to the Impact of Emerging Social Change and Technological
Developments on Fire Service Operations research by undertaking
and bringing together the results of:

e Desktop study of situation, effects and outcomes from available
data and information to hand.

e Qualitative assessment, using data and information collected by
means of interviews or surveys with participating parties, and
subsequently analysed.

e Primary quantitative assessment, where quantitative data is
collected in email, telephone or face to face surveys of
participating parties, and subsequently analysed.

In outline, the research process involves:

e An inception meeting with the National Director Fire Risk
Management to finalise research objectives and deliverables, and
to agree on appropriate managers and executive officers to
invite to join the panel, and a wider circle to consult with;

e Establishing a panel of managers and executive officers willing to
contribute to, support and guide the research; who we consulted
with and who provided feedback on draft reports;

e Consultation with NZFS managers and executive officers on their
perceptions of those social and technological trends that are
most significant for achievement of NZFS’s goals;

e Extending this consultation via an online survey of Area
Managers;

e Selective review of existing NZFS reports and data. Relevant
and significant unpublished reports were included, as well as
Contestable Research Fund reports;

e Selective review of national and international literature relevant
to the research questions;

e Projections of the size of selected “at-risk” groups, based on
Statistics New Zealand’s national projections;

NZFS Impact of Emerging Social Change and Technological Developments 3
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e A prima facie cost effectiveness analysis from the point of view
of domestic, commercial, industrial and rural owners of fire
detection and suppression technologies, compared with that of
existing technologies;

e Assessment of new technologies for the NZFS in terms of
potential cost effectiveness using an evaluation matrix. The
evaluation matrix facilitated identification of a limited set of new
technologies for the NZFS which should be further evaluated
beyond this research project.

Research Program

Five core tasks were covered in the research programme, designed
to achieve the aims and objectives set out above. They were:

e Task 1 Assessment of Social Changes. This task is reported
in Section 2 below.

e Task 2 Assessment of Consumer Technology Changes,
covered in Section 3 of this report

e Task 3 Assessment of emerging property fire detection
and suppression technologies, in Section 4 of this report.

¢ Task 4 Assessment of emerging technologies NZFS could
adopt itself, in Section 5 below.

e Task 5 Interpretation and Reporting - Overall assessment
of risk and opportunity covered in Section 6.

1.4 APPROACH TO SELECTIVE LITERATURE SEARCH

We have undertaken a systematic literature search. Our approach
comprised relevant bibliographic sources to search, and identifying
relevant search terms.

Sources for Relevant Literature

We met the Fire Services’ Information Centre Manager and Senior
Information Officer to discuss our information needs. We received
guidance on NZFS’s library catalogue system, and links to key web
sites for relevant fire research literature.

The sources of relevant literature include:
Sources for technological developments in fire service operations:

e NZFS Information Centre catalogue: as well as providing
references to published literature (both scholarly and non-
academic) this referenced some unpublished Fire Service
reports.

e Reports provided on a confidential basis by Fire Service
managers we interviewed, particularly in the ICT area on past
trials with new technologies.

NZFS Impact of Emerging Social Change and Technological Developments 4
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Review of unpublished NZFS Incident Statistics reports provided
by the Information Analyst (this confirmed that households in
“deprived” areas continue to be at elevated risk of fire).

e The NZFS website - for previous CRF research reports.

e Australian, British, US & Canadian fire service and emergency
agency web sites (links supplied by NZFS Information Centre
Officers) for research reports etc which are not necessarily
referenced in the academic literature.

e Academic journal publisher’'s websites, eg Emerald, which index
the journals they publish.

e EBSCO (link through WPL).

e Bibliographic sites accessed through National Library including
Index New Zealand.

e Bibliographic sites accessed through VUW, including IEEE Xplore
and Wiley Online Library.

e Web sites of publishers of relevant journals.

e Websites of producers and marketers of active fire protection
and fire fighting equipment.

e What's Next www.nowandnext.com for international overview of
“trends in society, business, science & technology, government
and the environment”.

Sources for Information on Social and Economic Trends in NZ:

e Futures Thinking Aotearoa www.futurestrust.org.nz

e The New Zealand Institute www.nzinstitute.org

e Population Association of New Zealand http://panz.rsnz.org
e Enhancing Wellbeing in an Ageing Society www.ewas.net.nz.
e Ministry of Social Development.

e The Social Report 2010 www.socialreport.msd.govt.nz.

e Statistics NZ.

e New Zealand Treasury.

e Ministry of Civil Defence and Emergency Management.

e 2025 Taskforce www.2025taskforce.govt.nz.

e www.eastonbh.ac.nz.

Identifying Search Terms
Relevant Search Terms were identified:

e From terms supplied by Executive Officers in our interviews with
them;

e On the basis of our McDermott Miller's previous experience in
undertaking CRF research (Fire Research Report 12);

e Discussions with Fire Service Information Centre manager;
e Review of key previous Contestable Research Fund reports;
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Criteria for selective reports and articles for review

We carried out a selective review of the literature. The selection
criteria used were:

e Relevance: After each search run, we read the titles of
document discovered and their abstracts, if available. The
prime criterion for selection for review was that the reference
provided useful information relevant to the search terms. If the
documents appeared to be sufficiently relevant we then
considered the following subsidiary selection criteria:

e Authorities of Publication: The searches were not limited by
publication type and a wide range has been considered including
peer-reviewed scholarly journals, independent reports
commissioned by fire services, internal fire service reports,
government reports, magazines and web sites aimed at
firefighters, non-peer reviewed conference papers. This was a
pragmatic decision, as we considered limiting the search to the
academic literature only was too limiting; and, publication
generally not current enough.

Not all material has been given equal weight. In reviewing the
documents and considering the significance of their findings for
the current study, we put most weight on articles in peer-
reviewed journals, followed by reports and conference papers
by professionally qualified authors that appear to have been
prepared with a scholarly/scientific approach. Other material
was used for “colour”, or to glean search terms and (subject
headings) for further searching.

e Date of Publication: Essentially we have limited the review to
documents published since 2004 (except for NZFS CRF
Research reports; all were considered since the series began;
other pre-2005 NZFS reports have also be reviewed), to ensure
the research is current. When large numbers of documents
were found in a particular search, these were sorted in
descending order and we only gave titles earlier than 2000-
2004 a cursory scan. Some pre — 2004 documents of particular
value have been reviewed, particularly if cited in more recent
papers.

In considering social and economic trends, more weight has
been given to documents published since the financial crisis of
2008, since expectations for medium to long term economic
environment shifted at that point.

The development of wireless “connectivity”, handheld devices
and social media! websites in both the consumer and fire
technology fields has meant earlier technical reports that do not
take these into account have been superseded.

e Language: we have only considered documents published in
English.

1 Ppotential for use of social media for community education under fire risk management programmes was not included
in the survey, as this is the subject of UMR (2011), another study funded under the Contestable Research Fund.
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The results of the literature search are attached in Annex A Select
Bibliography.

REVIEW OF "MACRO TRENDS"”

We briefly reviewed “macro trends” that have implications for
management of fire (and other emergency) risk faced by society,
and how emergency incidents are responded to.

These "“macro-trends” include interacting social/demographic,
economic, technological and ecological trends.

Initial review work indicated the following trends are of importance
for the Fire, and other emergency, services. Not all of these are
covered in detail in the current project; those not covered are
noted below.

¢ Climate change leading to more frequent and serious droughts
(with associated drying out of both vegetation and structures
making both more prone to fire) and also causing more
frequent serious storm events, which also put demand on Fire
Service Resources). We did not review this trend, as it has
been the subject of other recent CRF projects.

e Continuing revolution in ICT; for example “cloud” computing
and high-speed wireless connectivity Ilinking all devices
(including for example smoke alarms) to and through the
internet, supporting both social connections and work.
Accompanying this will be a breakdown of the distinction
between “broadcast” and “social” media, a continuing explosion
of information immediately available to individuals and
business and greater “personalisation” of the information
flowing to and from individuals.

e The global economy will continue to grow, but with a
continuing shift in the balance of economic strength towards
China and India; demand for raw material in these countries
will continue to support the Australian economy. With
constraints on food production in these economies, exports to
them will underpin (modest) economic growth in New Zealand.
This benefits fire safety in New Zealand through availability of
capital to invest in fire safety technologies and through limiting
expansion of a impoverished, high fire-risk, underclass.

J “Sustainability” will continue to be a concern in local, regional
and national governance (and will be more so when following
recovery from the current post-recessionary economic
conditions). This means pressure on the Fire Service to:

e introduce and upgrade the sustainability of its non-
operational activities, but also to:

e reduce the environmental effects of its fire-fighting
activities. The latter arise in two ways: run-off water from
fire-grounds can carry pollutants from the structure and/or
its contents that are on fire; and, the foaming agents used
by the Fire Service can themselves be hazardous, polluting
chemicals.
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IMPACT OF SOCIAL CHANGES

2.1

2.2

INTRODUCTION

In this chapter we identify and assess social and economic changes
that have significant implications for achievement of NZFS's
National Goals.

In Section 2.2 we report on our consultation with NZFS
managers on their perceptions of social trends of significance to
the Fire Service.

In Section 2.3 we present a selective review of New Zealand
and international literature on socio-economic trends of
significance for fire risk management, including New Zealand’s
economic outlook; growing income inequality; declining “Social
Capital” and housing owner-occupancy; migration and urban;
and, growth of “at risk” groups.

In Section 2.4 we present projections of “at risk” groups ie
ethnic groups, older people, and one-person households.

In Section 2.5 we draw conclusions on key social and economic
trends of significance to fire risk management, and turn to the
implications of these for NZFS operations in Section 2.6.

CONSULTATION

NZFS managers were consulted on their perceptions of those social
trends that are most significant for achievement of NZFS’s goals
(among other topics). Nine interviews were carried out face-to-face
and one by telephone. The managers consulted were agreed with
the NZFS Advisory Panel at project inception.

From discussion with Fire Service managers and analysts, the
NZFS’ identified set of “at-risk” groups is founded on both a
combination of objective analysis and professional experience.

Managers expressed the view that this additional fire safety risk
faced by Maori is simply a function of low socio-economic status
or deprivation. This view does not appear to be based on
research.

A view was expressed in interviews that, in times of economic
constraint, fire safety expenses and actions are less likely to be
prioritised by households. Research on coroner’s reports on fatal
fires (Heimdall Research 2005) examines examples where use
of candles due to disconnection (or perceived lower cost) has
led to fatalities.

While projections of numbers of people living under conditions
of deprivation would be ideal, this is a complex question. Under
the direction of the Advisory Panel, the emphasis in this
projection was shifted towards the technology trends tasks
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(reported in Sections 3-5). As a proxy, projections of selected
at “risk groups” are presented in Section 1.4 below.

e The growing proportion of the population with a first language
other than English, due to immigration, means that successfully
delivering fire safety community education to such communities
is a challenge to the Fire Service. It means fire mitigation
officers are required with specialised language skills. The Fire
Service now prepares fire safety educational materials in some
12 different languages.

e Threats from crowds or bystander to firefighters responding to
incidents was thought to be a very minor matter, and not
perceived as a growing problem.

2.3 LITERATURE REVIEW

Themes emerging from the review of Literature on Social
Trends

The following themes emerged from the review of Social Trends
relevant to fire service operations:

Economic outlook is for constrained growth.
Growing Income Inequality

Declining “Social Capital”

Decline in Owner Occupancy Housing Tenure
Migration and Urbanisation

Growth of “at risk” groups

Nowu .k wnN=

Increasing Consumption of Alcohol

We present our literature review under each of these themes in
turn. Under some of the themes we present graphs of Statistics NZ
and Ministry of Social Development data, in order to illustrate
points made. Data source are given under each graph.

The “At Risk” Groups Identified by the Fire Service

In the literature review below we refer to “at risk” groups. The Fire
Service identifies the following groups as being particularly “at risk”
of death or injury by fire (p 28 National Fire Risk Management Plan
2010).

e Children

e Older people

e [ ower socio- economic people

e Maori and Pacific Island people

e Disabled people

e People in rental property

e People in rural property

e Business

NZFS Impact of Emerging Social Change and Technological Developments 9
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The Fire Services applies this classification in its design and delivery
of fire safety community education programmes.

1 Economic Outlook:
Constrained Growth

Consideration of New Zealand’s economic prospects over the

medium to long term is relevant to fire outcomes for the following

reasons, inter alia:

e The number of “at risk” low-income households is unlikely to
decline without economic growth;

e Real increases in Fire Service funding will require a growing
economy (a necessary but not sufficient condition);

e Property owners are more likely to invest in new technologies
for active and passive fire protection, in a growing rather than
a stagnant economy; and.

e It is likely to be easier for “social capital” to build and for the
Fire Service to recruit and retail volunteers under economic
prosperity than under economic constraint/austerity.

The prospects for New Zealand’s economy are mixed. The latest
available data on GDP (Statistics NZ www.stats.govt.nz July 2011)
is that GDP in year ended March 2011 is 1.5% higher than in year
ended March 2010. However, this equates to little more than nil
growth in GDP per capita terms.

Economic forecasters forecast an accelerating recovery from
recession. The Consensus forecast published by NZIER in June
2011 is for real GDP growth to rise to 2.1% for March Year 2012,
and then to 4% by March Year 2013 (the 2013 figures match The
Treasury’s forecasts (The Treasury, May 2011); The Treasury
forecast a slight tapering off of growth of 3% (2% per capita) in
2014 and 2.7% (1.8% per capita) in 2015.

While positive, these growth rates will do little to reduce the
“income gap” with Australia (2025 Taskforce, 2010), nor, unless
sustained for the long term, create a substantial increase in
wealth per capita that will support improved fire outcomes.

Given that 2015 is still the “short-term” for the purposes of this
report, we need to consider whether economic growth beyond
that point is likely to create conditions favourable to more positive
fire outcomes.

In favour of sustained growth are:

e Economic growth and increasing wealth and population in the
“developing world” outstripping growth in food production in
such countries, creating market conditions favourable to New
Zealand’s food exports;

e Adverse weather events associated with climate change
adversely affecting food production overseas, again to the
benefit of New Zealand’s food industries;

¢ The continuing rise of China and India as the “workshop(s) of
the world”; these are both a market for New Zealand food and
other primary-based products (forestry and coal);

NZFS Impact of Emerging Social Change and Technological Developments 10
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e Australia’s prosperity is underpinned by its role as supplier of
commodity inputs to China’s manufacturing, and New
Zealand’s economy will continue to benefit from the prosperity
of its Tasman neighbour.

Factors that moderate expectations for New Zealand’s
economy include:

External factors

e The economic outlook for the world as a whole is uncertain
due to the continuing “debt crisis” afflicting members of the
Eurozone and the United States. The outcome, as at October
201, is highly uncertain on the outlook for these economies
range from long term stagnation (on the precedent of Japan’s
experience since its asset-price crash of the late 1990’'s) to
regained growth after a short-term period of adjustment;

¢ In the absence of a (debt fuelled) consumer-led growth in the
Western developed economies, China’s growth may slow;

e Consequently, commodity (including food prices) may fall
which will impact on NZ's terms of trade;

Internal factors

e Continuing improvement in labour and multi-factor
productivity are recognised as essential to drive improvement
in wealth/GDP per capita (eg Howitt and Weil, 2008). The
failure of NZ to match Australia’s productivity gains is pointed
to by the 2025 Taskforce’s analysis as a reason for the wealth
gap between the two countries. The Government’s
establishment of the New Zealand Productivity Commission on
the Australian model is an acknowledgment that the problem
of low productivity growth is exists, but is not itself a solution
to it.

e A cclosely related issue is low rates of investment by NZ firms.

e After decades of initiatives aimed at creating innovative,
added value products based on NZ’s primary resources and to
create a “knowledge economy”, NZ’s economic growth of the
2000’s was underpinned by increased production and export of
commodity dairy products.

On balance, in our view, New Zealand’s economy will grow over
the next decade, but at only around 2-3% per year or sufficient to
support 1-2% growth in GDP per capita.

Due to Government debt constraints, there will be limited growth
in Government spending to support incomes of low-income
households. There is likely to be slow job growth, particularly in
demand for low and unskilled labour. Consequently, there will
continue to be numbers of households in high levels of
deprivation.
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2 Growing
of Incomes

Inequality

There is little objective data on the number of people falling into
the Fire Service’s identified “at risk” group “lower socio- economic
people.” The practise of assigning people to deciles (eg the NZ
Index of Deprivation used by Duncanson et al, 2000) means of
course that 10% of the population is always in the lowest decile.
Instead, as a proxy for numbers of lower socio-economic people,
we reviewed the evidence for growing household income
inequality.

Inequality of household income has become more pronounced in
New Zealand. According to the Government's 2011 Economic
Indicators Report,

"New Zealand’s income inequality increased between the mid-
1980s and the mid-1990s, and showed little change between the
mid-1990s and the mid-2000s. In the mid-2000s, New Zealand
had a higher degree of income inequality (as measured by the
Gini coefficient) than the OECD average.”

The Ministry of Social Development’s Household Incomes Report
2010 found that:

e income inequality grew very rapidly from 1988 to 1992,
followed by a slower but steady rise through to 2004

e from 2004 to 2007 inequality fell mainly as a result of the WFF
package

¢ inequality remained much the same from 2007 to 2009 - the
80:20 ratio declined slightly and the Gini rose slightly

e in 2009 a household at the 80th percentile had an income 2.5
times that of one at the 20th percentile, compared with 2.2 in
1986

e compared with other OECD countries in 2004 New Zealand’s
household income inequality was a little above the OECD
median and similar to Ireland and the UK (2004)

¢ on the latest information available for comparison, inequality
in New Zealand is very close to Australia’s (2008).

Figure 2.1: Proportion of individuals in households with

housing cost OTIs greater than 30%, by age-group
o 40%
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All Ages
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Year
Source: MSD Household Income Report 2010, compiled by McDermott Miller Ltd.
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The Housing “outgoings to income ratio” (or OTI) is an indicator of
financial stress, with 30% being deemed “high”, Figure 2.1
above shows that the proportion of children (aged 0-17) living in
households with high OTIs increased from 12% in 1988 to 37% in
2009. Among those aged 65+, the proportion increased from 3%
to 8% over this period. This is indicates that an increasing
proportion of both children and older people are likely to be living
in households living under financial stress.

3 Declining “'Social
Capital”

III

A low level of “social capital” in communities has been shown to
correlate with increased risk of fire (Andrews and Brewer, 2010,
discussed further below).

The concept of "“social capital” was originated by sociologists
working in the field of education but entered economics since the
1990’s. (Roskruge et al, 2001), It is way of conceiving of
community interactions that, collectively, form a resource
(analogous to physical productive capital or human capital) that is
used to produce positive outcomes for society.

Spellerberg (2001) defines “social capital” as "relationships among
actors (individuals, groups and/or organisations) that create a
capacity to act for mutual benefit or a common purpose”. It has
developed a procedure for measuring social capital in New
Zealand.

Roskruge et al (2011) used the New Zealand Quality of Life
Survey (2006 and 2008) to estimate social capital in NZ, but
merged the two samples so it is not possible to assess whether
there was a shift in the social capital between the two surveys.

The ™“Quality of Life Survey” (Nielsen 2011) examines
“Community, Culture and Social Networks” and has indicators of
“Social Capital” in its questions on Community, Culture and Social
Networks. The 2010 survey (covering eight NZ cities) was
released in March 2011.

e There is a significant increase in the proportion of eight city
residents who feel a sense of community with others in their
local neighbourhood (60% agree or strongly agree in 2010
compared to 53% in 2008, and 56% in 2006).

e There is no difference between 2008 and 2010 for the
proportion of eight city residents who rarely or never felt
isolated or lonely in the past twelve months (2006 2008 and
2010 are all 82%).

This result indicates no shift in social capital over this short 4 year
period.

In a study comparing indicators of social capital with home
ownership, Roskruge et al (2011) concluded:

"when an individual owns the home they live in, they report
significantly higher levels of social capital than those who do not
own their own home”

Andrews and Brewer (2010) examined the relationship between
fire outcomes across areas of the United States with levels of
social capital. They found that "(higher) social capital is
associated with a low unintentional fire death rate” and concluded
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that “social capital is likely to be an important determinant of fire
service outcomes”. This is because communities rich in social
capital and more likely to engage in “protective neighbouring”,
both to prevent fires and to rescue neighbours and notify fire
services if fires do occur. Another manifestation of social capital of
sense of community is, of course, willingness to volunteer as
firefighters (some 72% of United States firefighters are
volunteers).

So a decline in social capital should be of concern to NZFS, as it
would point to increased fire risk and a more challenging social
environment in which to both achieve its goals and outcomes and
also to recruit and retain its volunteers.

The evidence for such a decline is mixed:

e The indicators of social capital in the “Quality of Life” survey
point to static social capital at the national level, but only over
a short time period (four years);

e The long-term trend to reducing home-ownership discussed in
below is prima facie evidence of a decline in Social Capital and
therefore of increasing fire risk. While such a trend (which is
likely to continue) is of concern due to households in rental
accommodation being more at risk of fire than owner-occupier
households, a further concern is that this points to a
continuing erosion of social capital with likely consequences for
future volunteer recruitment.

4 Decline in Owner “People in rental property” are one of the Fire Service’s identified
Occupancy Housing “at risk” groups. Therefore an increase in this group is an
Tenure indicator of increasing fire risk in the community.

The proportion of the households in rental tenure has been rising.
In 1991, some 26% of households did not own their homes, this
increased to 29% in 1996, further to 32% in 2001 and to 33%
67% in 2006.2 (Source: Statistics NZ Housing Indicators 2008,
Ministry of Social Development 2010).

Another indicator of home ownership is tenure hold. The
percentage of the adult population that own or part own the
dwelling they live in fell from 55% in 2001 to 53% in 2006 (may
understate actual fall due to classification change).

The tenure hold measure reveals marked differences between
different ethnicities. In 2006, some 58% of European adults
owned or part owned the dwellings they live in (Figure 2.1); this
is nearly 3 times the percentage for Pacific peoples (22%) and
nearly twice the percentage for Maori (30%).

2 In 2001 households in houses owned by family trusts were deemed not to own their own home, but in 2006 this was
changed to the opposite, ie they are now classed as owning their own home. So the true decline in owner-occupancy
rate between 2001 and 2006 is higher than that indicated by the census results
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Figure 2.2: % of Adults living in dwelling they own by Ethnicity.
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Source: Statistics NZ Housing Indicators 2008, compiled by McDermott Miller Ltd.

Figure 2.3: shows that people in houses they do not own spend
less time in a particular residence so are less likely to invest
“social capital” in the community they live in. There s,
unsurprisingly, a marked difference in median years at usual
residence between households in dwellings owned by their
residents (6.3 years in 2006) and those rented (2.0 years). In
1996, the median number of years a household was in resident at
its current dwelling was 5.2 years, but this had fallen to 3.7 years
by 2005

Figure 2.3 Median Years at Usual Residence by Tenure of

Household
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Source: Statistics NZ Census of Population and Dwellings compiled by McDermott Miller Ltd.
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5 Migration and
Urbanisation

Migration and Mobility

People without English as a first language are not an identified “at
risk” group, but the range of other first languages is a challenge
fire safety community education (Section 2.2). Increased
mobility within New Zealand is also an indicator of declining social
capital (Brauninger 2002), and so has fire risk implications.

An indicator of the cumulative effect of migration is the population
that has moved to a new usual residence since the previous
census (Counts are shown in Figure 2.4 and percentages in
Figure 2.5).

e The number of people who lived overseas five years previous
to the Census grew nearly 100,000 over the period 2001 to
2006, from 244,000 to 344,000. This is represents an
average annual increase of 7% per year.

¢ In contrast, the number of people living at the same address
declined by 0.4% per year.

e The number of people living at different residence within the
same region increased by 2.3% per year between 2001 and
2006.

e The number who shifted from a different region increased by
around 0.6% year.

e At the 2006 census, some 69% of the population lived in the
same region as 5 years previously, down from 75% in the
1991 census.

e 1In 2006, some 17% lived in another region or overseas five
years previously, up from 15% in 2001.

This data indicates changes of significance to fire risk in the
community:

e Numbers of international migrants are increasing rapidly;
which has implications for NZFS’s community education
activities (we present a projection of persons of Asian ethnicity
in Section 2.3 below).

¢ A general pattern of increasing mobility; which is an indicator
of reduced social capital which can increase fire risk;
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Figure 2.4: Census Usual Resident Population Count By
Usual Residence Five Years Ago (Counts)
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Figure 2.5: Census Usual Resident Population Count By
Usual Residence Five Years Ago (Percentages)
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Urbanisation

Households’ risk from fire decreases with increasing urbanisation
(Challands, pers. comm.) While this may partly due to a greater
proportion of households being covered by career firefighter
stations, the mechanisms by which urbanisation benefits for fire
risk are not fully understood (Challands, pers. comm.)

According to Statistics NZ “Urban-Rural Profile” data on the

population living in urban and rural areas:

e The percentage of NZ’'s population living in a “main urban
area” increased from 70% in 1996 to 72% in 2006.

¢ Over this same period, the percentage living in rural areas
with “low urban influence” or remoter fell from 8% to 7%
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Average annual increase in urban population over this period
was 1.3%, but in rural areas population declined at an
average rate of 0.07% per year.

6 Growth of “at risk”
groups

The groups identified by the Fire Service as being particularly “at
risk” of fire are listed above.

Previous research has demonstrated clearly that Maori face a
much higher risk of fire fatality than the population in general
(e.g. Accidental Fire Fatalities in Residential Structures: Who's
at Risk, AFAC 2005)., In Section 2.4 we present projections
of Maori population growth as an indicator of continuing need
for fire safety social marketing programmes focused on Maori.

The available research indicates that Pacific Islanders’
households are no more at risk of fatal fire than other (non-
Maori) ethnicities.

The relationship between social/economic deprivation and risk
of fatal fire was demonstrated by Duncanson et al (2000).
This study found that the rate of fatal fire incidents for
dwellings in the most deprived 10% of meshblocks was 4.5
times the rate in the least deprived. While this research has
not been repeated per se, the Fire Service Information Analyst
has provided us with recent statistics which confirm that
households in high deprivation meshblocks continue to face a
substantially higher rate of fire incidence than the average.

The AFAC research cited above shows that in both New
Zealand and Australia, elderly people face substantially higher
risk of fire fatalities and injuries compared to the population
average. (refer FEMA. 1999) As the older population increases,
and a greater proportion “ages in place”, there is likely to be
increasing need for strategies to educate older people, and to
provide their households with fire detection, alarm and
suppression equipment. It is appropriate to consider this
“aging” of the population as relevant social changes in the
current study, and to present projections of the older
population.

The literature shows that the risk of fire injury and death is a
largely function of increasing disability with age, eg inability to
hear alarms, to act appropriately if a fire does occurs.

There is research evidence that (AFAC, etc) people in rental
properties are more at risk of fire than others. While this is
partly a function of low socio-economic status, there is
evidence that rental properties are less likely to have
functioning smoke alarms than owner-occupier properties.
Therefore the current research should consider the trend of an
increasing proportion of the population living in rental housing
and project this trend into the future.

AFAC and other research shows children under 5 are at
particular risk of fatal fire, particularly if they are in deprived
or Maori households. As noted under “2 Growing Inequality of
Incomes” above, the proportion of children in households
under financial stress has being increasing.

Another social trend, linked to the aging population trend
together with aging-in-place policies, is rise in the number of
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one-person households. The fire risk significance of one
person households is expressed in FEMA (1999) as
“Individuals living alone and without social support are more
susceptible to unduly high fire risks.”

According to CRESA (2009):"One change is growth in the number
of ageing one-person households. Research identifies older people
as a group vulnerable to fire injury and death, given physical,
sensory and cognitive disabilities. Their vulnerability increases
when they live alone, given that there is no-one to help them
respond appropriately in the event of a fire. Unfortunately, as
people age (with increased likelihood of disabilities) the likelihood
that they will live alone (especially for woman) also increases. The
need for targeted interventions to reduce the fire risk of older
people living alone will increase as the prevalence of older one-
person households increases.”

7 Increasing
Consumption

Alcohol

Alcohol consumption across society as a whole is gradually
increasing. Statistics NZ (2011) reports that

“In 2011, there were 9.5 litres of pure alcohol available per
person aged 15 years and over, from 8.8 litres in 1996. This is
equivalent to an average of 2.1 standard drinks per person per
day, compared with 1.9 standard drinks per person per day in
1996.”

The strong relationship between alcohol consumption and fire
fatalities in New Zealand is demonstrated in Challands (2004),
Duncanson (2001), and Heimdall Consulting Ltd 2005.

Not only is alcohol consumption increasing, but more seriously
there is a contention (refer ALAC and Ministry of Health websites)
that “binge” drinking is widespread and increasing. According to
ALAC (2011), in 2011 some 21% of adults are binge drinkers, but
due to definitional changes it is not possible to verify whether this
percentage has in fact been increasing

The clear link between “binge” levels of alcohol consumption and
death and injury from fire, motivate the Fire Services ‘Don’t Drink
and Fry” campaign and such initiatives will have to continue.
Alcohol consumption is also of course a factor in the Fire Service’s

motor vehicle accident rescue work.

2.4

PROJECTIONS OF SIZE OF SELECTED "“AT RISK"”
GROUPS

In this section we present projections of selected “at risk” groups.
The purpose of this is to indicate the implications of the growth of
“at risk” groups for the Fire Service’s future fire risk management
activities. The projections are based on Statistics NZ projections as
indicated below:

1. Ethnic Groups - while Pacific Islanders and Asians (who may
have weak English language skills) are no more at risk of fatal
fire than other (non-Maori) ethnicities, their future growth may
have implications for targeting future fire safety education
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programmes (Source: Statistics NZ’'s National Ethnic Population
Projections, 2010.)

2. Older People (Source: Statistics NZ. Moving age-sex pyramids.

Statistics NZ. 2011)

3. One - Person Households (Statistics NZ. National Family and

Household Projections. Statistics NZ. 2010)

1 Growth of Ethnic
Groups

“Maori and Pacific Island” people are an identified “at risk” group
and numbers of “Asians” are also of significance to the Fire
Service due to the need for fire safety education in their own first
languages.

Statistics NZ estimates that over 2011-2016 the total population
of New Zealand will grow at an annual rate of 0.9% per annum.
However, there is a strong contrast in rates of growth of ethnic
groups over this period®.

e The “European or other” ethnic classification is projected to
grow at only 0.4% p.a.;

e In contrast, Maori growth is projected to be 1.4% p.a., Pacific
growth 2.4% p.a.;

e and the “Asian” ethnic classification is projected to grow at
3.5% p.a. (Figure 2.6).

Figure 2.6: Annual Rate of Growth of Ethnic Groups 2011-
16
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Figures 2.7 and 2.8 shows the consequence of these differing

growth rates.

e The Maori population is estimated to be 674,000 in 2011 and
is projected to reach 811,000 in 2026 (growth of 137,000);

3 Ethnicity statistics must be treated with caution. Statistics NZ measures ethnicity using self-identification and
respondents to the Census are permitted to identify with multiple ethnic groups. This means that, if the populations
identifying with each ethnicity are totalled, the sum is greater than the total population
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Figure 2.7: Projected Population by Ethnicity
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e The Pacific population in 2011 stands at 345,000 but is
projected to reach 481,000 in 2026 (growth of 136,000);

e The Asian population, 501,000 in 2011 is projected to reach
791,000 in 2026 (up 290,000).

e The European and other population, 3.31 million in 2011, is
projected to be 3.472 million in 2026 (increase of 160,000).

Figure 2.8: Projected Absolute Growth in Population by
Ethnicity
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2. Growth of Older
People

As discussed in Section 2.3, “Older People” are at increased risk
for fire compared to the population in general. Future growth in
this “at risk” group is of particular significance with the potential
to increase the overall level of fire risk in the community.

e While the population as a whole is growing at 0.9% p.a., the
population aged 65 and over is growing at 3.6%.p.a.

e At present, growth is fastest in the “young old” population as
the first of the “baby boomers” reach 65; those aged 45-60 is
growing at 4.9% p.a.

e After 2021, however, growth will be fastest among those aged
75 and over.

Figure 2.9 below shows how the population aged over 65 will
expand over the next 27 vyears, in 5 year age bands. For
example, those aged 90 and over is 24,000 in 2011 and is
projected to reach 42,000 in 2026 (75% growth).

Figure 2.9: Projected Population of “"Older People”
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Source: Statistics NZ Age-Sex Pyramids 1951-2061, compiled by McDermott Miller

Figure 2.10 is a “stacked bar” chart of the same data as Figure
2.9 in order illustrates the size of the “at risk” group at alternative
ages at which the population may be deemed to be “older” and
therefore “at risk”. At descending lower bounds of being “older”,
the population aged:

e 85 and over is 73,000 in 2011 and is projected to reach
117,000 in 2026 (growth of 44.000 or 61%)

e 80 and over is 155,000 in 2011 and is projected to reach
243,000 in 2026 (growth of 88,000 or 57%)

e 75 and over is 261,000 in 2011 and is projected to reach
437,000 in 2026 (growth of 176.000 or 67%);

e 70 and over is 406,000 in 2011 and is projected to reach
667,000 in 2026 (up 261,000 or 64%);

e 65 and over is 586,000 in 2011 and is projected to reach
944,000 in 2026 (up 358,000 or 61%).
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Figure 2.10: Projected Population over 65
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3. Growth in One -
Person Households

The link between the increasing population in older age groups,
one-person households, and heightened fire risk is noted in
Section 2.3 above.

Figure 2.11 presents projections of one-person households
(occupied by all ages, not just the elderly), but the aging
population combined with aging in place policies is a key driver of
this growth.

e Currently, family and other multi-person households are
growing at 1.1% per annum.

¢ In contrast, one-person households are growing at 2.1% per
annum.

e In 2011, there are some 406,000 one-person households
(Figure 2.12), but Statistics NZ projects this to rise to
500,000 by 2021, an increase of 94,000 over 15 years.

Figure 2.11: Projected One-Person Households
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Source: Statistics NZ National Family and Household Projections:2006(base)-
2031 update compiled by McDermott Miller Ltd.
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2.5 CONCLUSIONS: KEY SOCIAL CHANGES
TRENDS IN NEW ZEALAND SOCIETY AND ECONOMY

1.

10.

Modest economic growth in New Zealand over the medium to
long term resulting in an only gradual rise in wealth per capita.

Income inequality will continue to grow, and on the evidence of
past decades’ experience, the “underclass” in New Zealand is
likely to persist. These people will face deprivation in an
absolute as well as relative sense, and will continue to face
much higher fire risk than the better off.

The number of people in the “Older People” at risk group will
grow substantially. For example, the current population 75 and
over is 261,000 in 2011 and is projected to reach 437,000 in
2026 (growth of 176.000 or 67%). More of these will be living
in single person households, which also increases fire risk.

The “Maori and Pacific Island” identified “at risk” groups will
grow at a faster rate (1.4% p.a. for Maori, 2.4% for Pacific)
than NZ European (0.4% p.a.) so will constitute an increasing
proportion of the population;

Immigration from Asian countries, combined with emigration of
NZ born, mean the proportion of New Zealanders without
English as a first language will grow (the population in the
“Asian” ethnic classification is projected to grow at 3.5% p.a.)
This means an increasing need for risk mitigation officers with
the required language skills, as well as for non-English
educational materials

Affordability of houses will continue to be a challenge for first
home buyers; consequently more people will live in rental
accommodation; this has fire risk implications due to “People
being in rental property” being an “at risk” group..

More frequent house shifting — across town, inter-regionally, or
internationally is contributing to a loss in “social capital”, which
has fire risk implications.

Alcohol consumption across society as a whole is gradually
increasing; this is of concern because "“binge” alcohol
consumption strongly increases fire risk.

An aspect of declining social capital is reduced interest or
willingness (particularly amongst younger adults) to be involved
in community organisations, or when they do so, to commit for
a shorter period than their forbearers did. This will continue to
be a challenge for recruitment and retention of volunteer
firefighters.

The population of New Zealand is increasing urbanised. Average
annual increase in urban population over 1996-2006 was 1.3%,
but in rural areas population declined at an average rate of
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0.07% per year. More intensive urbanisation is a trend that
reduces fire risk.

11. Population, economic production and consumption will become
further concentrated in Auckland and its hinterland; Auckland
will continue to be both the focus of domestic inter-regional
migration and the preferred destination of immigrants. This
means Auckland Fire Region may require a greater share of fire
risk management resources.

2.6 IMPLICATIONS FOR NZFS

The identified social trends suggest, ceteris paribus, increasing
average fire risk in the community through:

e increasing inequality of incomes and the prospects of at best,
only a slow rise in GDP per capita means an increasing number
of households living under financial stress, and within this an
growing “underclass”;

e increasing population in older age groups; in particular
increasing numbers of “frail” older people living independently;

e increasing Maori, Pacific Islander and Asian immigrant
population;

e increasing one-person households.

Despite these trends, the incidence of fires is decreasing (NZ Fire
Service Commission (2010)). This suggests positive factors are
more than counteracting the negative effect of these trends; these
include:

o effectiveness of the Fire Service’'s Fire Risk Management
initiatives, particularly those focused on educating and assisting
members of the identified “at risk” groups;

e high rate of installation of domestic smoke detectors combined
with Fire Service campaigns to help ensure they operate
correctly;

e trend to eating as well as drinking away from the home, so
reduced cooking while intoxicated;

¢ reduced use of portable radiant heaters and open fires.

e urbanisation - greater proportion of households covered by
career firefighter stations; and,

e rising educational attainment and longer time in formal
education contributing to greater receptivity to Fire Service’s
Fire Safety messages.

However, continued growth in at risk groups means there is
potential for reversal of this downward trend in fire outcomes; this
will be an ongoing challenge to the Fire Service. As a minimum, it
should continue to ensure sufficient resources are allocated to fire
risk management activities, including education and upgrading
domestic smoke detectors
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While social changes are tending to increasing fire risk, there are
offsetting technological changes. Social changes and technological
changes interact. For example, people’s sense of their community
is shifting from the neighbourhood where they reside to a world-
wide “virtual” community linked through social media. In a sense
is a symptom or cause of a decline in “social capital” and therefore
increased fire risk. However, social media can also be a powerful
and positive tool when major emergencies occur, as will be
considered in the next chapter, on consumer technology changes.
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IMPACT OF CONSUMER TECHNOLOGY
CHANGES

3.1

3.2

INTRODUCTION

In this Section we review trends in technologies aimed at
consumers, and uses they are put to, that have operational
implications (both positive and negative) for the Fire Service:

We consulted NZFS managers and executive officers on their
views on potential fire risk management and operational
implications of social media and smart portable devices,
including experience with crowds that form as result of using
these technologies (Section 3.2).

In Section 3.3 we present a selective review of literature on
consumer technologies that are relevant to Fire Service
operations, including the use of social networks to send distress
messages, crowdsourcing of emergency information (eg
provision by public of useful images or other information to the
NZFS prior to arrival), communicating with the population in an
emergency through Social Networks, and other uses of mobile
phones in emergencies.

In Section 3.4 we draw conclusions on key trends in consumer
technologies of significance to fire risk management, and
consider the implications for NZFS in Section 3.5.

CONSULTATION

Face to Face Consultation with Managers

The following points on consumer technology trends emerged from
our consultation:

Social Media and smart portable devices are seen by managers
to have potential for dissemination of fire safety/education
messages. For example, to receive fire safety messages on
weekend nights about not carrying out risky behaviours while
drunk.

The ability to locate the cell phone making an emergency call is
seen as being highly desirable, but is not yet possible within a
realistic time-frame, due in part to the number of operators and
privacy issues. If comcen operators have this information, this
could help locate an incident when the person making the call is
unable to give much information.

Social media are seen (at least at current levels of technology)
as being of more utility for a two-way of exchange of
information between the fire service and public during long-
duration emergency such as floods and earthquakes, than in
fires;
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e There is little concern about Social Media being used to
generate crowds that could cause incidents involving the fire
service, or to impede the Fire Service as it carries out it actions.

Email Survey of Area Managers

The online-survey of Area Managers’ included how consumer
technologies could benefit fire service operations*. See Annex B
for discussion of the survey method.

e Area Managers perceive a system to locate caller’'s cell-
phone (the technology to do this not being specified in the
survey) has a medium priority rating, with the potential benefit
of provide more intelligence more quickly to the comcen
operator and Officer in Charge (OIC).

e A specific technology is for Comcen and OICs being able to
receive and analyse GPS data from public’'s devices. The
current challenges of locating cell phones will ameliorate over
time, due to increasing penetration of mobile phones with GPS
capabilities. Emergency responders could obtain information
very rapidly on location of person making an emergency call
from a GPS capable device. As well as having potential benefits
in locating the fire/incident ground more quickly (as above), it
would give more precise data to assist in performing rescues (in
structures or at MVAs). This received a similar medium-level
priority rating from Area Managers to the above, in spite of the
greater potential benefits. We presume that over time, as the
penetration of GPS—-capable devices achieve greater penetration
of the consumer market, NZFS’s managers’ recognition of the
potential of the NZFS being able to receive, analyse and make
use of this data will increase.

e Capability to receive and analyse photo and video data
sent by public: Area managers see this has having only low
potential but this may be because of lack of awareness of what
is/will be possible.

The priority for NZFS would be to implement technologies for it
to analyse and act on video data from cameras on appliances
and firefighters, then extend capability to analysing visual data
provided by public.

LITERATURE REVIEW

Themes emerging from the review of Literature on
Consumer Technology changes

The following themes emerged from the review of Literature on
Consumer Technology changes relevant fire service operations:

1 Experience with crowds that form as result of social
networking services and portable devices

4 Use of social media etc for fire risk management/fire safety education was not included in the survey, as this is the
subject of another study funded under the CRF.
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2 Using Social Networks to send distress messages to
responders

3 Crowdsourcing of emergency information
Communicating with population in an emergency through
Social Networks

5 Use of Mobile Phones in emergencies

We present our literature review under each of these themes in
turn.

1 Experience with
crowds that form as
result of social

networking services and
portable devices

London riots

Social media have been implicated in the instigation of incidents
during the August 2011 unrest in the UK. Tonkin (2011)
investigated the role social media in the unrest concludes that
social networks were not causative factors in the social unrest,
but that "their absence would materially reduce the likelihood of
ongoing unrest”.

There have been calls to give Police power to temporarily shut
down social media sites and/or individual mobile network masts,
both to prevent unrest being organised and to prevent rumours
spreading which results in false alarm call outs (Halliday 2011b).
But social media were also self-policing; individual Facebook
pages were shut down if other Facebook users reported them as
being inflammatory.

Halliday (2011 a) claims Facebook page was instrumental in
instigating the initial riot following the shooting of Mark Duggan,
but that thereafter the social network with the largest role in
organising incidents was BlackBerry Messenger (BBM), which is
“free, instant and more part of a much larger community than
regular SMS. And unlike Twitter or Facebook, many BBM
messages are untraceable by the authorities” Blackberry was
already the most popular mobile phone among young, low income
people in the UK. This, combined with the fact that BBM messages
(unlike Facebook or Twitter) are encrypted, made it a very
effective medium for disseminating messages on where and when
incidents were to occur (Ball and Brown, 2011)

But social media also had a positive role during and after the
unrest:

e Police used social networks to correct rumours, and to direct
reassurance to concerned communities

e individuals used Twitter and Facebook to mobilise the post-
riot cleanup by citizens (Swallow 2011).

« to help identify looters from posted images.

Garside (2011) points out that it is possible for networks to
detect crowd movement patterns, using systems to detect the
gathering of a big crowd crowds (mobile phones signal where they
are every 15 minutes), and the direction and speed of its

movement can be pinpointed.
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2 Using Social
Networks to send

distress messages
responders

to

The American Red Cross (2010) has published a document on
integrating crisis response with social media; links to it and
associated documents given in the bibliography Annex A. This
document makes the following points:

e young people (in particular) believe that sending distress
messages through social media channels (eg Facebook or
Twitter), or by texting, is an effective way of summoning help.
In a web-based survey, they found growing perception and
practice that first responders can and do use the data from
Twitter, SMS text messages and other services for a targeted
response in times of crisis...The survey showed that 69 percent
said that emergency responders should be monitoring social
media sites in order to quickly send help and nearly half
believe that response agencies are already doing that

e The majority of respondents “expected quick response to an
online appeal for help ... less than an hour after their tweet or
Facebook post”

e "“Crowdsourcing”, an “open call for solutions to a problem”
arises from the exchange of information between those
affected by the crisis and with emergency responders.

e There is major challenge aggregating and analysing this data,
and in conducting a triage process. This remains an
essentially manual process.

e The different ways different social networking tools collect
data, and allow it to be searched (or not) is a challenge.

e Authenticity and privacy issues are important but can be dealt
with

e Emergency responders should not just use social media to
distribute information, but use it in a two-way exchange of
information

¢ Development of “syntax, standards and protocols before the
next disaster” assists this type of collection and sharing effort.

Speakers this conference emphasised the need for advanced
planning instead of trying to figure out how to use social media
systems during a crisis. The majority of respondents “"expected
quick response to an online appeal for help ... less than an hour
after their tweet or Facebook post”

It was suggested that anyone should be able emergency
management in a time of need, and that this could be done by
creating a text code to accompany an Internet code, and this
should be a free service.

3 Crowdsourcing
of Emergency
Information

Howard (2010) notes that round half of social media users would
post information about an emergency on their social media site
(predominantly Facebook). Personal Facebook pages most
common form of social media used to post eyewitness accounts of
emergency situations

Attendees at American Red Cross’ social media conference (2010)
felt that videos and pictures carry more validity than text, partly
due to risk of spamming. Location based reports can be
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triangulated by using multiple reports together with including
crowd sourced filtering "The crowd that is used to source
information about a crisis can in turn be leveraged to verify
information.”

Tools for crowdsourcing data from social media and validating it a
are available from http://ushahidi.com/, including

e The Ushahidi platform: “We built the Ushahidi platform as a
tool to easily crowdsource information using multiple channels,
including SMS, email, Twitter and the web.

e And the SwiftRiver Platform “SwiftRiver is an open source
platform that aims to democratize access to tools for filtering
& making sense of real-time information, including crisis data.”

Ertl and Christ (2007) test an experimental expert system
delivered by Personal Digital Assistant (PDA) to support lay-
helpers through the process of providing CPR to a victim, and for
helping an unconscious trauma victim with severe bleeding. The
group provided with this assistance performed higher than a
control group relying on their current knowledge.

Department of Homeland Security (2012) describes a prototype
trial in which sensors built into smartphones measure dangerously
elevated levels of carbon monoxide, and then the smartphone
automatically calls emergency services. The sensors used include
NASA’'s Ames nanosensor array and Synkeras’ MEMS chemical
sensors. The Crowdsourcing aspect means there are multiple
sensors providing location and concentration information, which
responders can make use of.

Aoki et al (2011) report on use of social networking services and
smartphones in management of civil emergencies - specifically
earthquakes and flooding. The authors note that video information
from smartphones has been conveyed to disaster management
agencies and supported effective response. The authors report on
an experiment in using social networks and smartphones to build
trusting relationships, awareness of disaster prevention initiatives,
and in information sharing in the event of a disaster, and helping
neighbours.

White et al (2008) conduct a search of then-current emergency
wiki sites and evaluates the “potential for wikis in the emergency
domain” potential players from numerous perspectives, and
develops a “conceptualization of what an effective emergency
domain wiki should be”. According to entry in the best-known
wiki, Wikipedia: a wiki is a

“website that allows the creation and editing of any number of
interlinked web pages via a web browser using a simplified
markup language or a WYSIWYG text editor”

The authors contend that wikis can be used as collaborative
system to support both emergency preparedness, and the
exchange of information during emergencies:

"Wikis have to become Knowledge Exchange Centres (KEC) that
form a network of application domains that can allow those that
need information, knowledge, or volunteers with particular skills
to be sought from a network of such centres in a manner that
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does not require the users to separately understand each
independent node in the network...In countries such as New
Zealand, not only do citizens volunteer their talents in disasters,
but companies and businesses volunteer useful equipment such as
construction equipment, boats, communications equipment,
medical supplies, etc. This requires systems which will allow those
who want to volunteer such resources to be able to enter and
update the material on their talents and the resources they
command, which can be shared in a disaster situation.”

These ideas have been taken up by the Australian-based
“Emergency 2.0 Wiki Project blog site” at
http://emergency20wiki.org/ with the vision:

"To empower the community with the knowledge to use web2.0
and social media in emergency communications.”

The goal of the site is to:

e provide best practice guidelines on how to utilise social media
in all phases of emergency management (PPRR);

e facilitate collaboration, knowledge sharing and crowdsourcing
across the emergency, government, community, business and
ICT sectors;

e provide up to date news on the latest developments in
emergency 2.0 and emergency communications.

The following is an example of such a wiki established to
distribute useful information to the public and responders
response to the Christchurch earthquakes:
http://wiki.openstreetmap.org/wiki/2011 Christchurch earthquak
e Christchurch recovery map

Crowd Behaviours

Subba and Bui (2010) discuss how “convergence behaviours” in
the physical world in a disaster (as people rush to a disaster site)
now have parallels in the online world, and they discuss the
interactions between the two and the challenges these can pose
for disaster managers. No solutions are proposed in the paper.

Demirbas et al (2010) present an argument that Twitter can
provide an open publish-subscribe infrastructure for sensors and
smartphones. They design and implement a “crowd-sourced”
sensing and collaboration system over Twitter. Wireless Sensor
Networks (WSNs) can include a wide range of sensors
(magnetometers, accelerometers, passive-infrared based
proximity, acoustics, light, heat) in small form-factor and with low
power usage. WSNs are yet to fulfil their potential; the authors
propose that Twitter can provide the needed publish-subscribe
infrastructure for sensors, and they have developed a standard
“TweetML"” for tweeting sensor values. Smartphones have built in
sensors that can take sensor readings; they propose three
application domains for integration of smartphones to Twitter:
Participatory sensing (collecting and transmitting data including
images) crowdsourcing (distributing questions to Twitter users
and collating replies) and social collaboration (more sophisticates
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version than crowdsourcing, involving back and forth interaction).

Asimakopoulou and Bessis (2011) discuss whether crowdsourcing
can be facilitated in the context of “smart” buildings and cities in
order to support “a more effective and efficient disaster
management approach”.

The European Commission ICT for Sustainable Growth Unit (2009)
defines smart buildings as:

“"Smart buildings means buildings empowered by ICT in the
context of the merging Ubiquitous Computing and the Internet of
Things: the generalisation in instrumenting buildings with sensors,
actuators, micro-chips, micro- and nano-embedded systems will
allow to collect, filter and produce more and more information
locally, to be further consolidated and managed globally according
to business functions and service.”

In turn, a city can be defined as “smart” when “it provides
advanced applications and services to the community through
cutting edge ICT” (Alobaidan, 2009). “Pervasive computing as a
new paradigm aims to enable resource computation and utilization
in a far more mobile or environmentally embedded manner”.
Smartphones equipped with appropriate sensors can be used to
gather “crowd sourced” data. The author contends that
crowdsourcing could be used to implement a system that enables
the community to contribute towards an integrated disaster
management approach, while able to receive "“personalised and
tailored warnings, evacuation routes and other messages
according to the current situation”. Sensors and mobile APIs in
smartphones would collect and exchange information about both
their carrier’'s health and their environment. Similarly, sensors
installed in buildings and cars could monitor information about
their status and collect information about the environment. This
constitutes a

“fully networked environment encompassing people, buildings,
vehicles and critical infrastructure where all scan their surrounding
environment (static or dynamic), monitor it and push relevant
information to each other,”

and, if necessary, to emergency responders. In the event of fire
or earthquake, sensors in buildings would calculate damage and
could alert people inside and outside of the building. It would
alert emergency response organisations, help responders and
victims make decisions and prioritise tasks. The authors suggest
that:

“this collective approach of capturing information on the go - from
a number of sources - leads to gathering cross-referenced and
thus, more accurate information about the environment”

Responders would be provided with accurate data to enable them
to plan and organise their actions based on the actual situation.

Palen et al (2007) discuss how online forums were used by
citizens to co-ordinate their own responses to disasters, including
New Orleans’ Hurricane Katrina disaster of (2005), the SARS
outbreak in China (2001) and 7/7 bombings in London (2005)
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(eyewitness images taken on camera phones were “incorporated
into the recovery effort”). The authors note that disaster recovery
managers should appreciate the public “has always played a
primary role in crisis response”, and the ICT reveals this to the
larger audience. The author suggests that:

“appropriate, flexible organisational structures that can
incorporate information from and coordinate with multiple sources
need to be in place. This is the basis for the inclusion of technical
solutions for collecting, validating and transmitting information”.

4 Communicating
with population in an
emergency through

Social Networks

Hui and Hayllar (2010) suggest ways in which citizens and
respondents can jointly participate in the “processes of creating
and crafting web-based content and in enhancing service design”.
For example, the Los Angles Fire Department uses Twitter to
publish duty information and inform public of in-progress fires and
rescues

Mark S. Pfaff (2010) considers “crowdsourcing” involves only a
gathering of information by governmental structures, and prefers
the concept of “mega-collaboration”, defined as a way to utilise
the power of many people on web to come up with productive
solutions to a crisis (or other events). In mega-collaboration
“independent actions from millions of people (a ‘city of
strangers”), acting in their own interest collectively create a
productive environment”. This concept is being jointly explored
with ICT academics and psychologists

AFAC (2011) reviews the use of social networking media and its
role in information exchanges in the Queensland and Victorian
flood crises of early 2011.

Howard, A (2010) notes that half of US population would be
willing to sign up to media alerts including text posts to keep
informed in an emergency situation.

Hickey, K (2011) refers to smartphone applications that can be
used to alert people of locations of current fires.

Emergency Alert (http://www.emergencyalert.gov.au/ accessed
October 2011) is a website which set up to inform Australians
about telephoned emergency alerts. These alerts are targeted to
specific areas and each state has control over its own emergency
alert procedures. Adding capability to send warnings to mobile
phones based on the location of the handset is technically
feasible. This capability is under development.

American Red Cross (2010) note that once expectations are raised
about Social Media as communication tool in emergency there has
to be the skills to manage it, including the need to manage
peoples’ expectations about response time to Social Media
messages. Creating systems such as an online queue and
estimated time for response are proposed as helpful endeavours.

AFAC (2011) refers to the “Google Crisis Response” website
http://www.google.org/crisisresponse/. According to the website,
This “"seeks to make critical information more accessible around
natural disasters and humanitarian crises.”
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In the case of the Christchurch earthquakes, the “Google Crisis
Response” webpage listed links to web pages and videos, and new
stories.

Geyer-Schulz et al (2010) and Ovelgénne (2010) describe a
prototype “Social Emergency Alert Service” in which a user can
call for help from nominated social contacts, as well as emergency
responders. With one push of a button on his/her smartphone, the
nearby members of the social group (a predetermined list of
contacts) of the victims are notified of the victim’s need for help
and the victim’s location. These persons may then be able to
render assistance more quickly than emergency responders. This
is to overcome the “bystander effect” whereby bystanders ignore
or do not assist with an emergency. While designed primarily for
medical emergencies personal safety emergencies, it may have
application in fire, flood or MVA incidents, particularly in rural
areas of New Zealand when neighbours may be able to provide
assistance more quickly than the responding fire brigade.

A Social Media and emergency Management website,
http://idisaster.wordpress.com/, seeks to “provide information
about Web 2.0 and other information communications
technologies that are (or could be) used by members of the
emergency management community. The intent is to provide
exemplary practices, news and information about applications of
new media, with the longer-term objective of improving practice
and outcomes in emergency management.”

5 Use of Mobile
Phones in emergencies

Location of Emergency using Mobile Phone

Neves et al (2007) review potential applications for emergency
services that will become feasible under the WiMAX broadband
wireless access technology; we presume similar applications will
be possible under the LTE technology which is more likely to be
implemented in NZ (refer below). These applications include:

e Environmental monitoring, eg to help monitor seismic and
volcanic threats, and to warn populations;

e “Telemedicine” two way exchange of video data between
doctors in hospitals and ambulance crews;

e Fixed video surveillance of remote mountain regions for
purposes of early forest fire detection, and mobile video
surveillance during a forest fire;

e Transmission of video data and text data between control
centre and mobile fire units in the field;

¢ Wireless sensor networks in forest areas.

Velez et al (2006) report planning a WiMAX cellular system for
emergency services; one intended application is communication of
video images from fire scenes (in particular forest fires) to
command centres in, or to help co-ordinate, fire brigades.
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Pesout and Matustik (2010 1) and Pesout and Matusik (2010 2)
describe a “smart emergency system” built into a smartphone
that will analyse surroundings and, based on interpretation of
data from its sensors, will evaluate whether an emergency call
needs to be made. Their proposed system is described as an
“independent intelligent entity” within the smartphone “with the
ability to identify imminent dangerous or crisis situation” based on
the interaction of embedded sensors and applications that apply
pattern recognition algorithms to the signals from the sensors;
such signals could be auditory (eg a gunshot) or visual (a flame).
If an emergency situation is recognised, a signal would be sent to
emergency services giving details, including the current location
of the device. The system is at present theoretical, but in the
authors’ view the necessary level of technological development on
smartphones and networks already exists.

Use of Mobile Phones for Emergency Evacuation

Chu (2010) design a mobile phone based "“hybrid building fire
evacuation scheme” (HBFES) using Radio Frequency Identification
(RFID) techniques. The system assists the escapee to find the
optimum evacuation route. The HBFES uses integrated
temperature sensing to assess fire spread and indicate a
safe/reliable evacuation route. An add-on Micro SD RFID reader
is required to interrogate from passive RFID tags in the building
but the authors anticipate that future smartphones will have
inbuilt RFID reading capability.

Inoue et al (2008) propose an “Autonomous Navigation System”
based on smartphones (or PDA) for indoor emergency evacuation,
using an “indoor position system”. A wireless sensor-data
management system detects indoor emergencies. If one is
detected it activates an indoor navigation system consisting of
radio beacon devices (ceiling mounted) transmits to a receiver
carried by the user, which in turn transmits to the user’s
smartphone via Bluetooth. The smartphone then displays a map
and/or GPS-like “navigation system” to indicate route the user
should take. While this proposed system overcome the deficiency
of GPS that it cannot be used indoors, it chief deficiency is the
requirement that users carry a beacon receiving device.

Health Monitoring Systems

Barnickle et al (2010) design a “HealthNet” system consisting of a
network of body sensors embedded in clothing that communicates
wirelessly to the wearer's smartphone. The smartphone pre-
processes the data and if necessary transmits (securely) to other
parties, ie family or emergency medical services.

Duval et al (2008) review advances in Virtual Reality and towards
“ubiquitous computing”, defined as:

“continuous contacts with computers that use sensors, actuators
and networking. It covers intelligent environments, material
environments like streets, offices and houses that react to people
and events, and wearable computers (a.k.a. wearables), worn by
users, embedded in, for example, earrings or clothes.”
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The authors envisage these as having potential quality of life
benefits for the elderly, as well as the young. Ubiquitous
computers can detect dangers, including fire, and alert family
members or emergency services.

Hickey, K (2011) outlines how an Californian fire department has
released a free iPhone application to facilitate volunteer
emergency response to cardiac emergencies. This application
alerts a registered user (trained in CPR) within walking distance of
a cardiac emergency that help required, and directs them, via
Global Positioning System signals, to the closest publicly available
Automated External Defibrillator.

High Speed Mobile Access with LTE

Many of these mobile applications will require high speed mobile
technology. The front-running technology, most likely to be
implemented in NZ is “3GPP Long Term Evolution”. LTE. In
September 2011, Alcatel-Lucent and Telecom launched an “LTE
Showcase” in Auckland (Scoop 2011). LTE is out-competing the
rival WiMax standard for broadband wireless access
internationally. However, we presume applications developed
internationally for emergency response services under the WiMAX
standard are relevant to developing similar applications in NZ
under LTE.

It is possible there may only be one LTE network in NZ, shared by
otherwise competing mobile operators (LTE: when will it arrive in
New Zealand? Network Strategies August 2010)

http://www.strategies.nzl.com/wpapers/2010011.htm_

3.4 CONCLUSIONS: KEY CONSUMER TECHNOLOGY
CHANGES

e There is a social and generational change away from one-to-one
audio communication to text messaging and use of social
networks services and portable devices.

e Social media will need to be used by the Fire Service to
disseminate community education messages as at risk groups,
including the young, reduce their consumption of conventional
mass media (this topic is covered in UMR 2011, NZFS Research
Report 118).

e There is potential in the long term for ‘crowdsourcing’ of fire
and other emergency data ie for the public to send useful
information & images to the Fire Service prior to arrival at
scene. This could include images and video, together with data
from miniaturised sensors in the smartphone (eg detection of
gasses).
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Technical developments and investments at both the
transmission and receiving end are required for this potential to
be realised.

As has been demonstrated in Christchurch, social networks
provide channels for two-way exchange of information between
emergency responders and the public in an emergency.

Similarly, again as demonstrated in Christchurch, they facilitate
communication between private individuals and groups during
recovery from an emergency

Events in 2011 in Britain and Arab countries illustrate how,
under conditions of civil unrest, crowds can be rapidly
assembled and organised through the wuse of mobile
communication and social networking services with portable
devices.

3.5 IMPLICATIONS FOR NZFS

NZFS and other emergency responders need to remind the
public that audio calls placed via the 111 service remain the
only way of obtaining an assured response by emergency
services;

On the other hand, it must recognise the reality many people’s
preference to communicate via text messages and social media
and to develop the capability to accept and respond to
messages and data communicated in this way.

Social media and portable devices give the Fire Service the
opportunity to send targeted fire safety messages, and to
engage in a two-way exchange with the public, including
members of “at risk” groups.

During rescue events such as floods and earthquakes social
media can provide channels to receive useful data - images,
video, from the public;

As technology to use video to detect fire (see Section 4.3
below) matures and becomes more powerful, and at the same
time the quality of video taken and transmitted by consumer
devices improves, the Fire Service could develop the capability
of receiving and analysing such data.

As GPS-equipped portable devices become more common, a
priority for the Fire Service is to be capable of receiving and
analysing this data.

The precedent of civil unrest in Britain, facilitated by social
media, and straightened economic conditions increase the risk
of similar unrest in NZ. However social media give the Fire
Service an opportunity to promulgate its absolute neutrality if
such unrest occurs, so to enable it to carry out its fire and
rescue operations unimpeded.
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There is much research and development in the field of
video/image analysis in emergency detection and response,
including fire. This could eventually support “crowdsourcing” of data
from the publics’ portable devices. In the literature to date the
source of video data is usually taken to be CCTV or emergency
services’ thermal imagers, rather than consumer portable devices.
This topic, considered is Chapter 4 along with other new fire
detection and suppression technologies.
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IMPACT OF NEW PROPERTY FIRE
DETECTION AND SUPPRESSION
TECHNOLOGIES

4.1

4.2

INTRODUCTION

In this section we review new and emerging active fire protection
technologies.

In carrying out this review, we consulted NZFS managers on new
and emerging technologies for detection and suppression of
domestic, commercial and industrial properties (Section 4.2). The
consultation covered matters including:

e the fire detection and suppression technologies they perceive as
being most effective (and cost-effective) currently available;

e emerging technologies having most potential for upgraded
effectiveness over the medium and long terms;

e the barriers to adoption of new/emerging fire detection and
suppression technologies by property owners;

e steps the NZFS could take to help overcome these barriers.

In Section 4.3 we present a selective review of international and
New Zealand literature on new and emerging property fire
detection and suppression technologies.

We summarise the findings of the review and consultation in an
evaluation matrix, in Section 4.4. The first part of the matrix
summarises the benefits to the properties owners of the active fire
protection technologies. The second part of the matrix is an
indicative, prima facie cost effectiveness assessment of the
technologies from the point of view of residential and
commercial/industrial property owners. This assessment involved
comparing the expected costs and effectiveness of the new and
emerging active fire detection and suppression technologies with
that of technologies in most common use.

We conclude by identifying the fire detection and suppression
technologies for NZFS to promote, or to sponsor further research
into (Section 4.5).

CONSULTATION

The following key points arose from our consultation with senior
Fire Service Managers:

¢ Reduce false alarms by encouraging building owners to
modernise fire alarm systems: An issue of serious concern
to Fire Service managers is false alarms from automatic fire
alarm systems installed in commercial and industrial premises.
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There is both a direct financial cost to the Fire Service from
attending such alarms, and a more indirect but possibly more
serious effect on volunteers. The latter are more willing to give
their time (and their employers to make them available) to real
incidents than false alarm. Many such false alarms are
avoidable, as they occur as a result of poor maintenance and/or
use of out-dated technology. Reducing false alarms by
encouraging building owners to modernise fire alarm systems
with the benefit of managing demands on volunteer fire fighters
also emerged as the highest priority technology/benefit pair
from our survey of Area Managers (see Section 5.3).

« We were informed that the Fire Service’s incident statistics
do not record the age or any other details on the fire alarm
systems used in cases of false alarm; this poses challenges
for any future assessment of direct and indirect cost to Fire
Service of old vs. new-technology commercial/industrial
property fire alarm systems.

« Modern “analogue addressable” fire alarm technologies are
on the market that have a lower rate of false alarms than
dated, conventional alarm panel systems that prevail in
New Zealand. However, due to cost to the property owner
of purchase and installation they have not been retrofitted
at a significant rate and, while they are installed in new
buildings, NZ's rate of replacement of commercial
properties is too slow to have major tangible benefits in
terms of reduced false alarms.

e Conventional domestic smoke alarms are inadequate and
solutions are on the market: New and increasingly
affordable domestic smoke alarm technologies are on the
market that largely overcome the well-known limitations of the
most common domestics smoke alarms: limited battery life and
false alarms leading to disable removal of batteries. New
generation of photoelectric smoke alarms using long life
batteries (up to 10 years) largely offset both these deficiencies.
Further gains in effectiveness can be achieved with hardwired
interconnected domestic smoke alarms, and by wirelessly
interconnected long-life battery powered systems
(interconnection means that if one detector is triggered, all
alarms sound).

e Domestic sprinkler systems seen as beneficial: While gains
in reduction of domestic fire risk can be achieved through
installation of modern alarm systems, further gains require the
use of domestic sprinkler systems. A reason for this is that most
domestic fire fatalities occur well within the Fire Service's
standard response time standard. Managers referred to the
new NZ Standard NZS 4517:2010. Managers recognised that
retrofitting of full sprinkler systems is unlikely to be popular due
to cost, but thought that installation of sprinklers should
become common practise. In some countries sprinklers are a
legal requirement in all new dwellings. The perceived main
reasons for builders not installing sprinklers is perceived to be
their cost and the lack of any significant reduction in insurance
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premiums if they are installed. There was disagreement over
partial coverage domestic sprinklers (which are not consistent
with NZS 4517:2010). One view is that full protection gains
can only be achieved by full coverage systems; the opposing
view is that partial coverage systems (usually in a kitchen
covering a stove) can be cost-effective in terms of safety gains
made in relation to investment made.

Modern addressable fire alarm panels provide more
information than NZFS can receive: These systems can
provide rich information to responding appliances on the
location and spread etc of fires, including location of activated
sprinkler heads. Currently responding OICs can read this data
from the panels. Some systems are now capable of
transmitting data directly to responding appliances but NZFS
does not have the technology to receive and analyse it.

LITERATURE REVIEW

“New” Technologies
available on the New
Zealand Market

A useful overview of the range of active fire protection
equipment available on the New Zealand market is given on
Fire Protection Association of New Zealand website:
http://www.fireprotection.org.nz/equipment.htm.

Wormald’s New Zealand website http://www.wormald.co.nz

provides information on the range of Wormald fire protection

and fire-fighting products for commercial/industrial, domestic

and fire service use. These range from portable extinguishers

to the:

o “WIGILANT® MX1 Fire Indicator Panel”, an intelligent
analogue addressable fire panel system and the

o VIGILANT® QE90 Emergency Warning and
Intercommunication System (EWIS) which supports
progressive, zone-by-zone controlled building evacuation.

Chubb’s New Zealand websiteprovides information on the
company’s fire detection and suppression products and
systems (refer http://www.chubb.co.nz/Pages/Home.aspx).

« The company manages installation of a range of fire alarm
systems to the New Zealand Standard NZS4512.

o Its suppression systems include gaseous systems, foam
systems and Mari off water mist systems.

New Zealand Fire Extinguishers supply a “radio interlinked
alarm” system for domestic use; the system includes heat
detectors as well as smoke alarms. See

http://www.newzealandfireextinguishers.co.nz/smoke-alarms.
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Multi Sensor Detection,
including Video

Much of the research in the field of active fire protection is in
improving methods for detecting fire. Within this broad area, a
particular area of development is developing fire detection
algorithms that use video feeds from CCTV security cameras. The
literature on the topic includes the following:

Verstockt et al (2011) describe multi-sensor smoke detectors
which takes advantage of the different kinds of information
represented by visual and thermal imaging sensors.

"“Wideo smoke detection (VSD) has become a hot topic in
computer vision over the last decade. Current research ...
shows that the video-based detection of smoke promises fast
detection and can be a viable alternative or complement for
the more traditional techniques, such as ionization and
photoelectric fire detection. However, due to the variability of
shape, motion, transparency, colours and patterns of smoke,
existing VSD approaches are still vulnerable to missed
detections and false alarms. The main cause of both problems
is the fact that visual detection is often subject to constraints
regarding the scene under investigation, e.g. changing
environmental conditions, and the target characteristics. To
avoid the disadvantages of using visual sensors alone, we
argue that the use of other types of sensors, especially
infrared (IR), can be of added value.

"The proposed multi-sensor smoke detector takes advantage
of the different kinds of information represented by thermal
and visual images in order to accurately detect smoke. By
fusing both modalities and using the strengths of each
medium, smoke detection can be done more accurately and
with fewer false detections.

To detect the presence of smoke, the multi-sensor smoke
detector analyzes the silhouette coverage of moving objects in
visual and LWIR registered images.

The multi-sensor detector adheres to all the relevant
requirements: object-based automatic calibration/
registration, low number of false alarms, no missed detections
and fast warning/alarming with different levels of detection”.

Borges et al (2008) propose a method for detecting fire in
video (eg from surveillance cameras) based on random
changes of fire from frame to frame.

Sekkas et al (2009) describe the SCIER (Sensor and
Computing Infrastructure for Environmental Risks), funded by
the European Community. The system is an:

“integrated system of sensors, networking and computing
infrastructure” with the purpose of “detecting, monitoring,
predicting and assisting in crisis management of natural
hazards or accidents” at the “Urban-Rural Interface”. In SCIER
system temperature and humidity sensors (in-field) and vision
sensors (out-of-field) are used. The last are based on a high-
dynamic range contrast camera in which the contrast
representation of a scene can be used (through various
algorithms) to detect a smoke or flame and generate a
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probability of a fire event”.

Data from the two categories of sensors are combined in a
two-level data fusion scheme, which is claimed to improve the
reliability of the system, providing early fire detection while
reducing the false alarm rate.

Nugrohoa et al (2010) develop, via experiment, an image
processing technique for early detection of cable fires using
automatic video. The potential advantages of image
processing detection over traditional smoke detection include
providing more information about fire, such as location, size
and growth rate. Motion segmentation is analyzed using the
“Adaptive Gaussian Mixture Model”, and the authors note that:

'One of the most important parts of the action recognition
systems is the segmentation of moving foreground objects
from the stationary background.”

Verstockt et al (2010) develop a standardized methodology to
evaluate the effectiveness of video-based detectors. "The
proposed performance framework is able to determine optimal
settings for each individual VFD algorithm and is also able to
compare multiple algorithms against each other”.

Sensitive Sensors based
on Aerospatial
technology

One source of new technology sensors that can be applied in
detecting fire is the aero spatial industry, including NASA.
Examples include:

Aztec is a laser detection system developed by NASA (NASA
2004) for detecting gasses in planetary atmospheres and in
space vehicles and aircraft. However, it has application in
detecting incipient fires in terrestrial environments as well.

Sensors developed by NASA for use on Mars exploration
robots also have application in fire detection. For example, ion
mobility spectrometry sensors (NASA 2011) are another highly
sensitive technology for detecting incipient fires. Ion
Application Inc’s ion mobility spectrometer technology is
produced in hand held units.

Artificial Intelligence &
Intelligent Buildings

There is considerable on-going research into advancing Artificial
Intelligence (AI) theory to detect emergency conditions in
“intelligent” buildings fitted with a plethora of sensors:

Sadri (2011) present a survey of “ambient intelligence” (AmI),
including its applications, some of the technologies it uses,
and its social and ethical implications. “The applications
include AmI at home, care of the elderly, healthcare... Among
technologies, we focus on ambient data management and
artificial intelligence; for example planning, learning, event-
condition-action rules, temporal reasoning, and agent-oriented
technologies.”

Wei et al (2008) set out the theory of a software interface,
between fire fighting subsystem and the other systems, for
use in intelligent buildings. They discuss approaches, based on
Al theory, to “raise the level of integration and intelligence in
building management systems”
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e Ma and Tian (2010) outline an Al Agent-based system for
remotely monitoring buildings; for coordinating sensors
(temperature, humidity, cameras) in “monitoring units”. Data
is exchanged between control machines and sensors. These
include a “Monitoring Agent”, a “Decision-Making Agent” and a
“Communication Agent”. If temperature or humidity values
reach abnormal levels, the “Decision Making Agent” will give
an alarm, and the “Management Agent” will respond to it,
alerting emergency responders and providing them with
information.

e Wang et al (2010) describe an optimisation algorithm for
“fusing” information from multi-sensor networks using the Al
concept of “support vector machines”. Fire detection
technology based on multi-sensors and associated fusion
technology is said to be a “development trend” in fire
detection. In the AI field more broadly, “support vector
machines” based on statistical learning theory, is gaining
applications “because of the high accuracy and good
generalization capability”. The authors claim the complexity of
fire process means that the detection technologies currently in
use are deficient. Instead, they propose a “support vector
machines” algorithm for fire detection information fusion which
they claim gives more valid results.

e Udgata and Sabat (2009) propose a wireless sensor network-
based alarm system. They claim their proposed architecture is
“intelligent” as it “does not report alarms based on simple
query processing and condition matching”. Rather, the system
generates alarms when “the gradient of change of sensed data
with regard to space and time” falls outside an “acceptance
range of threshold values”. The authors say their model is
adaptive because it “has a learning mechanism to learn from
false alarms and correct the model in order to avoid such false
alarms in future”. Their prototype system generates SMS
(text) alerts which, following detection of an emergency, are
sent to specified mobile phone numbers.

e Din Ghauri et al (2010) describe an “agent-based” Decision
Support System for prioritised evacuation from buildings
during fire or related emergencies; the purpose of
prioritisation is to prevent congestion in and around exit
routes and points. The prioritised decisions are made with the
help of “Fire dynamics systems” and “Smoke dynamic
systems”.
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Advanced Sprinklers
including Water Mists

There is continuing development and testing of suppression
systems, with the aim of achieving rapid and effective control of
fires while minimising damage by water or foams. Some
examples are:

Commercial and Industrial

Zhou et al (2010) report an experiment to gather data to
characterise spray patterns of sprinklers, in order to calibrate
computer models of sprinkler performance.

English and Bennett (2010) explore possible permissible
compartment sizes when sprinklers are used. Their analysis
shows that current compartments sizes in UK buildings could
be increased when sprinklers are used. They outline a
methodology that allows equivalent levels of fire performance
to be derived when life safety and property protection
sprinkler systems are used, compared to when they are not.

Klinzman and Hosser (2010) use probabilistic system analysis
to explore the interaction of different active and passive safety
measures on the overall safety level, with a view towards
modifying German building codes to take into account the
presence of sprinklers and other active fire protection
measures.

Albrecht and Hosser (2010) provide more information on this
holistic safety concept for structural fire protection that was
developed in Germany, accounting for different types of
occupancies and building materials. This concept is based on
“probabilistic methods and takes into account the required
reliability of structural elements, the annual frequency of fires
and the failure probability of active fire protection measures”.

Nilsen et al (2007) test the use of external window sprinklers
in multi-storey buildings. The conclude that dedicated window
sprinklers may hinder cracking of the window glass, given
adequate water supply, and thereby reduce the risk of vertical
fire spread up the building’s fagade.

Goransson and Husted (2007) compare the effectiveness of
water mist vs. traditional sprinklers in buildings and industrial
applications. The authors find that, compared to traditional
sprinkler systems, water mist systems give the "“same
extinguishing effects can be achieved by using five times less
water, but the surface cooling effects are smaller, which can
pose a problem for deep seated smouldering fires.”

Marchant (2004) in tests of water mist sprinklers to protect
archives found that water mist systems are normally installed
for activation by temperature sensitive frangible bulbs, but
that "from the test burns described briefly in this paper it is
most unlikely that such a system will respond quickly enough
to control a cellulosic fire”.

NZFS Impact of Emerging Social Change and Technological Developments 46
© McDermott Miller Ltd, 20 March 2011




—
—

—
>

MILLER Strategies

Residential

e Annabele and Williams (2007) report on a test of concealed
(recessed) vs. pendent (visible) domestic sprinklers. They
found none of the concealed sprinklers tested achieved a
“quick response” rating, although the pendent sprinkler tested
did so. The authors raise doubts about the suitability of
concealed sprinklers for life safety applications, and suggest
this is an issue for consideration by "“the relevant British
Standards committee”.

e Shelley and Spearpoint (2007) tested “fast response” domestic
sprinklers with television set fires - which produce large
volumes of smoke with low heat release. The authors found
that “"untenable conditions can arise from a fire that does not
produce sufficient heat to activate even a fast response
sprinkler system” and they recommended against the practice
of not using smoke alarms if a sprinkler system is used (as
can arise in New Zealand apartment buildings).

e Fraser - Mitchell (2004) perform cost-benefit analyses of
sprinkler systems in a range of residential building types in the
UK. They concluded "that residential sprinklers are not cost-
effective for most dwellings” but that “residential sprinklers
are probably cost-effective for residential care homes”, and for
apartment blocks. The authors note that:

The results and conclusions of this analysis are consistent with
the experience of sprinklers in other countries, which
concluded that in order for sprinklers to become cost-effective
(in a wider range of buildings), installation and maintenance
costs must be minimal, and/or trade-offs may provide reduced
costs by indirect means, and/or high risk buildings may be
targeted, and justified on a case-by-case basis.

e Duncan and Wade (2001) outline an inexpensive domestic fire
sprinkler design; this “multi-purpose” system involves a single
mains connection that feeds both the sprinkler system and the
domestic water supply. It is a reduced coverage system in
that it omits sprinkler heads from rooms and spaces where
few fatal fires originate, but covers bedrooms, lounge/dining
rooms and kitchens, in which “almost 90% of fatal fires
originate”. In a cost - benefit assessment, the authors
estimated that such a system, combined with four stand-alone
battery powered smoke alarms would provide much more life,
injury and property benefits than smoke alarms only, at a
similar cost per life saved. While not providing quite as much
protection as a system meeting the then NZ standard (NZS
4515:1995), they estimated that cost per life saved ($891,000
in 2001 dollars) was much lower ie the reduced coverage
system was found to provide most of the life, injury and
property benefits for

“a fraction of the cost per life saved for a new sprinkler system
installed to the current... standard)”.
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The authors conclude “Domestic fire sprinkler systems built to
the current New Zealand standards are not cost effective. The
multi-purpose sprinkler system, where the sprinkler system is
integrated with the domestic plumbing, is a more cost-
effective option for installing sprinklers in homes”.

4.4 PRIMA FACIE COST EFFECTIVENESS ANALYSIS

Tables 4.3 and 4.4 below summarise the findings of the review
and consultation with an evaluation matrix. It gives prima facie
indication of cost-effectiveness of active fire protection technology
options from the point of view residential and commercial/industrial
property owners.

The matrix is in two parts. In the first, Table 4.3, the benefits to
property owners of using the technologies are rated in relation to
benefits of the technologies in most common use - first for
residential property owners, second for commercial/industrial
property owners.

Note, the benefits that each technology can provide from the
baseline are summarised by a six point scale, ie the digits 0 - 5
(Table 4.1).

The first column of the second matrix Prima Facie Cost
Effectiveness Analysis (Table 4.4), indicates the state of the
development of the new technology. The final two columns show
our indicative cost-effectiveness rating (again on the 0-5 scale, see
Table 4.2) in two cases - retrofitting the active fire technology to
an existing building, and second installing it as part of new building.

Table 4.1 Effectiveness Scale used in Table 4.3

Score |Description

Same Effectiveness as baseline

Minor improvement in effectiveness over baseline
Moderate improvement in effectiveness over baseline
Substantial improvement in effectiveness over baseline
Major improvement in effectiveness over baseline

Maximum effectiveness, state of the art
McDermott Miller Limited, 2011
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Table 4.2 Cost Effectiveness Scale used in Table 4.4
Score |Description

Likely to be cost ineffective

Not likely to be cost effective

Only likely to be marginally cost effective
Potential for some cost effectiveness

Potential to be significantly cost effective

Potential to be strongly cost effective
cDermott Miller Limited, 2011
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Table 4.3 Evaluation Matrix: Prima Facie Cost Effectiveness Analysis 1:

More
Communi More effective
More Communi Communi Improved cate Orderly/ suppressi
effecitive cate cate Informati intelligen Guidance on with
/reliable Reduce Alarmto Alarm to onon ce direct for reduced
alarm of False Security Fire Alarm to Fire evacuatio water etc
Tech nology occupants Alarms Provider Service Panel Service n damage
Domestic Fire Protection Technologies
Standalone ionization and photoelectric smoke alarms (baseline) 0 0 0 0 n/a 0 n/a n/a
Long-life photoelectric smoke alarms 2 1 0 0 n/a 0 n/a n/a
Radio interconnected battery powered detectors 4 1 0 0 n/a 0 n/a n/a
Hardwired interconnected smoke alarms 5 2 0 0 n/a 0 n/a n/a
Integrated home security systems connected to security provider 5 4 5 4 n/a 0 n/a n/a
Intelligent IP connected domestic fire/medical/security systems 5 5 5 5 n/a 5 n/a n/a
Partial Coverage Domestic Sprinklers n/a n/a n/a n/a n/a n/a n/a 3
Full Coverage Domestic Sprinklers n/a n/a n/a n/a n/a n/a n/a 5
Commercial/Industrial Fire Protection Technologies
Conventional alarm Fire Brigade panel systems (baseline) 0 0 5 5 0 0 0 0
Analogue Addressable fire detection and alarm systems with integrated
Fire Brigade Panels 3 3 5 5 3 0 3 0
Intelligent, IP connected detection alarm systems with extended range of
addressable sensors including video 4 4 5 5 5 4 4 0
"Intelligent Building" systems with IP (internet protocol) connections 5 5 5 5 5 5 5 0
Advanced suppression systems - water mists, foams, gas n/a n/a n/a n/a n/a n/a n/a 5

©McDermott Miller Limited, November 2011
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Table 4.4 Evaluation Matrix: Prima Facie Cost Effectiveness Analysis

Indicative Cost Effectiveness for building
owner
State of

Tech nology Development Retrofitted New Building
Domestic Fire Protection Technologies

Standalone ionization and photoelectric smoke alarms (baseline) on market 1 0

Long-life photoelectric smoke alarms on market 2 1

Radio interconnected battery powered detectors on market 4 4

Hardwired interconnected smoke alarms on market 2 5

Integrated home security systems connected to security provider on market Depends, 5 if it enables elderly to live independently

Intelligent IP connected domestic fire/medical/security systems prototype Depends, 5 if it enables elderly to live independently

Partial Coverage Domestic Sprinklers on market 1-2, but 5 if it enables elderly to live independently

Full Coverage Domestic Sprinklers on market 0-1, but 5 if it enables elderly to live independently
Commercial/Industrial Fire Protection Technologies

Conventional alarm Fire Brigade panel systems (baseline) on market 1 0

Analogue Addressable fire detection and alarm systems with integrated

Fire Brigade Panels on market 3 2

Intelligent, IP connected detection alarm systems with extended range of

addressable sensors including video prototype 2 4

"Intelligent Building" systems with IP (internet protocol) connections on market 1 5

Advanced suppression systems - water mists, foams, gas on market Depends 5

©McDermott Miller Limited, November 2011
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Interpretation of Evaluation Matrix

The Evaluation Matrix and indicative cost effectiveness assessment
indicate:

e Active fire protection technologies already on the market have
the potential to provide major benefits to both residential and
commercial/industrial property owners;

e further improvements will involve greater intelligence built into
detection and suppression systems, and capacity for exchange
in information with the Fire Service and other emergency
responders; however,

e increasing effectiveness does not necessarily equate to greater
cost-effectiveness. All papers we have reviewed find that full
coverage residential sprinkler systems area not cost effective
for homeowners, although performance is better when
sprinklers are installed when the house is built. It appears
partial coverage systems are more cost-effective.

Further conclusions are discussed in Section 4.5 below. We
identify active fire protection technologies as high priorities for
further investigation in Section 6.4.
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CONCLUSIONS: KEY CHANGES IN FIRE DETECTION
AND SUPPRESSION TECHNOLOGIES

1.

Improvement of in-built property fire detection and suppression
technologies is likely to be incremental. Existing technologies on
the market are greatly improved from technologies generally in
place. Interconnected and long-life domestic smoke alarms on
the domestic side, and addressable fire alarm panels on the
commercial/industrial side, are example of this. The Fire
Service could promote adoption of these technologies by
demonstrating to property owners the cost-effectiveness of the
required investment.

In the commercial/industrial sector, intelligent IP connected
alarm/suppression systems and ‘Integrated building
management systems” have potential to cost-effectively
improve the protection of commercial and industrial buildings.
These systems enable earlier automatic detection and
suppression, and they provide intelligence to responding fire
officers. However, even systems at the technological level now
on the market (analogue addressable fire alarm panels) have
not been taken up by NZ commercial building owners at a rate
to comparable other countries. This is largely due to the cost of
retrofitting existing buildings and slow rates of building
replacement in New Zealand.

In the residential sector, the literature review and interviews
show several key trends and issues:

¢ Increasing sophistication and effectiveness of smoke alarms
through interconnection (originally hard-wire, but now
wireless as an alternative). Interconnected domestic alarm
systems will grow increasingly more intelligent, involve a
wider range of detectors and have the capability of sending
an expanded range of data to security providers and the Fire
Service. They will be increasingly integrated with security
and medical alert systems, and fire detection will be become
a function of the “intelligent house”.

e A new standard (NZS 4517:2010) for residential sprinklers
has been introduced to reduce cost and improve cost/benefit
performance, to new home builders, through recognition
that the primary purpose of residential sprinklers is to
maintain survivable conditions to enable safe evacuation of
occupants. This does not appear to have resulted in
increased installations (pers. comm. in interviews with NZFS
managers).

e Partial coverage sprinklers, eg over stoves, have a better
benefit cost ratio than full coverage systems, especially in
retrofitting, but are not supported by the Standard.
Increased adoption may require modification to the
Standard.

In Chapter 5 we turn to emerging technologies with potential for
improving NZFS's operations.
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5. IMPACT OF EMERGING TECHNOLOGIES
FOR NZFS
5.1 INTRODUCTION

In this section we assess new technologies available to NZFS to
improve the effectiveness of its urban fire fighting and rescue
operations using a systematic “product development” approach.
We:

Distil the views of NZFS managers and executive officers on
perceived problems with, and limitations of, existing
technologies used to obtain information about structures before
and during rescue and fire fighting operations (Section 5.2).

Present the views expressed in the face to face and telephone
consultation in an email survey of a wider range of national and
fire region managers and officers. The list of potential
respondents to include in the survey was suggested by the
Advisory Panel, and the list of technologies presented to survey
respondents was agreed by McDermott Miller and the Panel
(Section 5.3).

Using the list of technologies set out in the survey of Area
Managers as a starting point, in Section 5.3 we also review
selectively the international literature on new and emerging
technologies for:

« Technologies to Reduce Response Times
o ICT Technologies:

o Other Fire Fighting Technologies:

« Rescue Technologies:

» Training Technologies.

« Environmental Protection Technologies.

Compare NZFS experience with experience of other
organisations reported in the literature to identify whether
limitations identified in the past by NZFS with digital and other
new technologies may have been overcome by technological
development since past trials were carried out, or are likely to
be overcome with future development.

Assess new technologies in terms of potential cost effectiveness
using an evaluation matrix, in which the performance of each
technology is rated in terms of performance criteria, Potential to
achieve a net annual cost reduction for NZFS, and Potential to
achieve national economic net benefits (Sections 5.4 and 5.5).

The evaluation matrix facilitates identification of a set of new
technologies for the NZFS which could proceed to further
evaluation (Section 5.6).

We draw out implications of these technologies for Fire Service
operations in Section 5.7.
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Definition of New Fire Service Technologies

We have adopted Dittmar’s (2007) definition of “new” fire service
technologies, as follows:

"The technologies presented here are not necessarily "new" in the
sense that the ideas were recently conceived. In some cases, "new"
refers to a later stage in the development of a system, a
refinement in the technology, or a first-time application. In other
cases, the product may serve as a "bridge" that makes it possible
for responders in regions to work together or as "fillers" for gaps in
firefighter safety that were impossible to envision just a few years
ago, according to some of the parties involved with the research.
The following is an overview of some of the technologies in the
categories in which considerable progress has been made in the
past year or so.”

CONSULTATION

Key points to emerge from our consultation with managers and
executive officers are:

Technologies to Reduce Response Times

e There is potential for improved co-operation with roading
authorities to improve road layouts to help with appliance travel
times in heavy traffic. There have been trials with devices for
appliances to trigger traffic lights to favour their direction of
travel but these did not achieve a marked reduction in travel
time (refer below).

e Currently, route decisions are made in a quick conversation
between Comcen and OICs; opinion was expressed that
technologies should be available to support improved route-
finding in heavy traffic. There is a database of roads/routes at
Comcen, but there is no intelligence in the system to provide
current traffic information and to help select an efficient route.

ICT Technologies:

e There is on-going research internationally into “integrated
building management systems”, as a result of the World Trade
Centre collapse of 2001; this showed that in a severe fire even
a modern multi-storey building can collapse. Sensors built into
the frame of a building can detect strain and incipient collapse.

e Modern commercial/industrial alarm transport systems employ
a range of sensors. Their panels can provide much more
information to the OIC indicating the location and rate of
development of a fire and its smoke. The Fire Service has
conducted research recently on how this data could be
transmitted to computers mounted on appliances.

NZFS Impact of Emerging Social Change and Technological Developments 54
© McDermott Miller Ltd, 20 March 2011



—
—

—
>

MILLER Strategies

e Accompanying this volume of data is a need for decision support
systems, to help commanders manage the information and
make command decisions on the basis of it.

e In contrast, most commonly at present an officer dismounts and
reads a 1950’s era panel LED lights which presents challenges
of interpretation. There is a low rate of retro-fitting of modern
systems into older commercial buildings, and with low rates of
replacement of building stock, the penetration of modern alarm
transport systems is low and growing only slowly.

e The consensus that emerged is that improving intelligence to
OICs is of first priority, above improving fire fighting
tools/equipment.

e There has been a trend for appliances to carry a greater, and
heavier, range of equipment. Some managers thought UK
experiments with the opposite approach of having small
appliances - even motorcycles - to arrive more quickly, at
some calls could be worth trialling in NZ.

e There is scope for introduction of modern methods of command
and control, and this process has started with the new
Hazmat/Command vehicles.

e Some modern Scania appliances have control boxes which
record data at incidents such as water used (discharged), but
this is not uploaded to FS systems and therefore is not kept or
analysed.

e False alarms are recorded in incident statistics, as is data on,
broadly, what caused the false alarm. However, data is not
recorded on the level of technology of automatic fire alarms, so
it is not possible to quantify rate of false alarms from modern
vs. old technology alarm and panel, systems, this means it is
not possible to quantify benefits of replacing old with new alarm
systems.

e In principle could introduce systems for real time tracking of
people moving on the incident ground, this would appear to
commanders as dots moving, so commanders always know
where people are, but there are no plans to introduce this.

e New Plymouth District Council was cited as a leader in allocating
mobile devices to its field staff, and in using geolocation for all
its assets, to use with GIS system.

e “Double Knock” smoke detectors (need to receive smoke signal
twice before triggering) are available to commercial building
owners and these can reduce false alarms by 80%. They are
economic for building owners to install because of low cost
compared to loss of production during false alarms.

e Views were expressed that it is much better to have intelligence
from modern alarm systems supplied direct to devices used by
OICs, rather than having to relying on the intelligence being
filtered through Comcen, which slows the process down, and
possibly comcen operators make judgements about what is, and
is not, important that is different to what OICs on the ground
would think.
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e The Fire Service’'s modern Hazmat/Command vehicles have
good equipment to support more effective command and control
at major incidents, but there remains a problem of connectivity,
ie of access to fast and reliable wireless broadband.

e The provision of intelligence to responding crews before arrival
is seen as a (the) prime task that new technology can
potentially help with.

e There was comment that turnover of IT staff can be a barrier to
effective implementation of new ITC systems in the Fire
Service. It takes time for IT staff to acquire the necessary
knowledge specific to NZFS - and once this is achieved they
tend to move on.

e Another barrier to adoption of new technologies is reluctance of
some (mainly volunteer) firefighters to accept and work with
PCs and mobile devices, but that this is problem that is
declining over time.

e Views were expressed that NZFS is making progress in
implementing inter-agency communication via digital radio.

e A view was expressed that devices to locate firefighters, eg by
GPS, would be valuable in major structure fires.

e A system is being developed by NZFS for contacting volunteers
that uses different routes in turn until successful contact is
made through an open route - landline, mobile phone, text, etc.

e Investigations, under the ICT strategy, into introduction of
“Extended Alarm Capability”, to the Fire Services are scheduled
to commence. This will consider connecting modern alarms to
the FS network. The investigation will consider modern alarms
in commercial/industrial premises, but could be extended to
modern intelligent domestic systems connected to wireless
broadband as well.

e Using CCTV security cameras on the street could provide
information to the Fire Service, eg on traffic conditions, or on
the incident itself.

e NZFS research has shown that using mobile phones means, at
present, a slightly slower response time due to “marginally
slower response owing to delays in locating incidents. This
results in a measurably greater monetary loss”. (Challands,
2009)

e Main barriers to innovative ICT technologies are cost and
guaranteed reliability. Other subsidiary issues are:

« Privacy concerns, eg in using security camera video;

« Training requirements; with limited time available for
training (especially for volunteers) there is a need to
prioritise or be selective on training topics.

e Reluctance to adopt by some potential users.

« Power drain and space available on trucks.
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These barriers can be overcome by:

» Designing interfaces to best match the requirements of
users.

« Focus on engaging interest of early adopters; others will
follow.

In 2003 a major mobile ITC project was investigated, but it was
found that connectivity/broadband constraints mean that its
concepts could not be immediately implemented, Instead, a
more gradualist approach has been adopted and, in the interim,
connectivity has improved. The AVL (Automatic Vehicle Locators
which let dispatchers know the location of each appliance
through GPS so they can dispatch the closest appliance to a
reported incident) system now being implemented is part of this
process.

Other Fire Fighting Technologies:

Foams (CAFs or Class A) have potential to fight residential and
other fires externally more effectively - this is particularly
advantageous for volunteers who often haven't had the training
or experience to fight fires internally with safety, and who often
face more advanced fires (compared to career firefighters) due
to longer response times.

Through use of foams, water carried on the appliance is more
likely to be sufficient to achieve extinguishment.

There was a difference in opinion expressed on the potential for
CAFs and/or Class A foams. At one extreme, the view was that
foams should be main method of extinguishment (used by
volunteers in particular), others thought that primacy of water
should continue.

Replacement BA sets have been out to tenders; these would
contain some new technology — monitoring of cylinder contents
and communications from control point — other innovations are
available such as monitoring external temperatures and use of
Bluetooth for telemetry but, for reasons of cost, these have not
been included in the specification.

There is a gradual shift from the principal of equipping and
training all brigades (career and volunteer) equally to equipping
and training brigades appropriately for the risks/incidents that
they face/experience.

Class A foam pumps are on every appliance built in the last 7-8
years, but still not used very much even if available, due to lack
of understanding of respective uses of solid stream water (pre-
flashover) and foams (post-flashover).
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Rescue Technologies:

Technological innovations take place at brigade and area levels,
eg development vehicles that are appropriate for the brigades.
These innovations are sometimes, but not always, effectively
disseminated through the Fire Service. Such innovations have
particularly been for MVA rescue equipment.

Fire service is facing challenges from global warming resulting
in more intense storms, higher tides and worse flooding.

New Hazmat vehicles have new detection, identification and
decontamination systems, but do not have more sophisticated
systems such as plume modelling, and no use is made of
robotics.

NZFS is working with universities, exploring use of robots in
urban search and rescue, and dealing with dangerous fires
involving, for example, acetylene cylinders. Cost of these could
be justified in cost-benefit terms by minimising disruption to
businesses etc through rapidly dealing with the situation.

A lack of portable devices to take photos and report on what
was done and where, was found to be a deficiency in USR work
in Christchurch following the February 22nd 2011 earthquake.
Because of this experience, there is likely to be introduction of
devices to aid searching and clearing buildings, and to report on
these activities.

Training Technologies:

NZFS Training has adopted a "Blended learning” policy, to
provide the learner with different ways of accessing information,
which appeal to different preferred learning styles (many
firefighters have a “kinaesthetic” preference).

There are concerns about some volunteers’ IT skills and
interests; it is expected paper-based options will have to
continue.

Career firefighters have access to broadband at all stations, but
NZFS has bandwidth limitation for streaming material, so there
remains a need to publish video on DVD.

The Fire Service uses “vector training” simulation already for
command and control training.

Of all applications of ITC in training, interviewees thought
command and control training should be first priority.

Fire Service has investigated emergency response driver
training using simulators. Simulators would save wear and tear
on trucks; simulators could be shared with other responders.
Simulator could be mounted on a vehicle or trailer; a challenge
is the range of vehicles operated by NZFS and need to simulate
many of them.

Volunteers can resist the demands on the NZFS places on their
time for training,
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e MVA training has to keep up with developments in cars; most
significant are electric and hybrid vehicles which carry a risk of
shock to rescuers, and cars made with hardened steel which are
more difficult to cut.

e New models of “e-pad” are coming on the market. NZFS has
considered purchasing one each for all volunteer firefighters but
expects there would be some resistance to them. Smartphones
are considered to be too small for training, but would have uses
(eg sending out notices on Twitter).

Environmental Protection Technologies:

¢ Some managers expressed the view that environmental impacts
of freighting must be considered, and that in some cases a
defensive approach of allowing some buildings to burn while
preventing spread can have lower environmental impact than
using large quantities of water. Alternatively, relatively new fire
fighting technologies such as foams have potential to extinguish
fires with less risk to firefighters and the environment.

e There is a trade off between cost and environmental impact in
foaming agents — more expensive agents can be used in lower
concentration and have lower environmental impact. Also,
using the lower-concentration agents may mean investing in
new inductors to use them.

FINDINGS OF LITERATURE REVIEW AND SURVEY OF
AREA MANAGERS

Survey of Area Managers

The online survey of Area Managers included how emerging
technologies could benefit fire service operations®. Refer to Annex
B for discussion of the survey method.

We used the responses given by Area Managers in the survey to
derive an index for use in prioritising technologies.  This index
embodies both the priorities assigned to the benefits of
technologies, and the rating of the potential for each technology to
provide the benefits. Key results are given in below. More results
are presented in Section 5.5, and intermediate results and details
on how the index was derived, are provided in Annex B.

Technology Groups

We have grouped the technologies as follows:

e Technologies to Reduce Response Times
e ICT Technologies

e Other Fire Fighting Technologies

5> Use of social media etc for fire risk management/fire safety education was not included in the survey, as this is the
subject of another study funded under the CRF.
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¢ Rescue Technologies
e Training Technologies

¢ Environmental Protection Technologies.

1. TECHNOLOGIES TO REDUCE RESPONSE TIMES

Modeling/simulation to
refine location of stations
and/or resources

Rating by Area Managers

The collective view that emerged from the Survey of Area
Managers is that optimal location of stations and resources is by
far the most effective way of reducing response times (although
this benefit only had a middle ranking terms of priority refer
Annex B)

Status in ICT Strategy
Currently, the NZFS models location of stations and resources
using the National Resource Allocation Modelling (NRAM).

“Tactical” location of appliances is identified as a “Technology
Opportunity” in the ICT: “Guided by data on road route speeds
and historic traffic conditions, appliances could be tactically
located during heavy congestion periods to improve response
times to events in such situations”

Literature Review

Farahani et al (2011) present a comprehensive review of the
theory of “covering problems” in facility location, and of
applications of this theory. Covering problems have
“...applicability in real-world life, especially for service and
emergency facilities”. Set covering problems were originally
introduced to model and locate emergency service facilities (and
especially fire stations). This review cites case studies which
include location of fire stations and fire fighting resources.

Farahani et al (2010) present a review on a related issue: Multiple
Criteria Facility Location problems. These are in three categories:
bi-objective, multi-objective and multi-attribute problems
together with their solution methods.

Wei et al (2011) present a fire station location case study which
employs the multi-attribute decision making technique of Analytic
Hierarchy Process (AHP) within the framework of GIS-based
planning process. The attributes considered include population
density, building loss after catching fire, and road distance to
nearest station.

Yang et al (2006) have developed a fuzzy multi-objective model
to locate fire stations where there are a number of physical
limitations. The proposed method is the combination of fuzzy
multi-objective programming and a genetic algorithm:

"In this paper we converted a fuzzy multi-objective optimization
model into a single unified goal and combined the goal with a
genetic algorithm for the fire station location problem. Five
objectives are created, the first one is to minimize the total setup

and operating costs of fire stations and total loss cost of accidents
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in a given area, and the remaining four are to minimize the
longest distance from a fire station to any accident site. The
optimal number of fire stations is obtained by solving the first
objective, which is transferred into a constraint for the remaining
four objectives.”

Zhang et al (2009) present preliminary theoretical research on
analyzing current, and modeling possible future, distributions of
fire stations involving a raster calculating method. They suggest
this could be a valuable supplement to traditional vector network
analysis in a Decision Support System for fire station location
analysis.

Badri et al (1998) present a case study of planning for fire-station
locations using multi-objective modeling. The objectives include
minimising costs, maximizing service of at risk areas, minimising
distance covered from stations to incidents, minimizing travel
time, and minimizing service overlaps.

Change/improve appliance
design to improve
performance through
traffic

On-board route/navigation
systems

Rating by Area Managers

This technology has a low priority rating in the survey of Area
Managers. A comment by one respondent is that aids to relieve
OIC of navigational issues, in order for him/her to concentrate on
information concerning the incident, are overdue.

A possibility raised in our consultation and in the survey of Area
Managers was introduction of small rapid response vehicles. This
received a low priority rating in the Survey of Area Managers. One
respondent to the survey of Area Managers observed “Appliances
go faster than my (Exec) car”.

Status in ICT Strategy
A project to trial and possibly implement Automated Vehicle
Monitoring is included in the ICT strategy.

Literature Review

Baharin et al (2009) propose a Conceptual Framework of
Integrated Routing Application for Emergency Response
Management System. They outline a Database Management
System (DBMS) that could aid in the route decision making
process:

"The research hypothesis is that a Spatial DBMS (with an
appropriate spatial schema, indexing techniques, and operations)
can drastically improve the effective management and analysis of
moving objects in route analysis. The integration of context
information into the model should provide further flexibility in
querying and visualizing data”.

Cohen et al (2006) describe a networked driving simulator using a
virtual-reality interface (control and display system). The
simulator includes a “rotary motion platform for azimuth-display,
stereographic display for 3D graphics, and spatial audio way-
finding cues”. The authors intended to move from a simulator to
deploying a similar intelligent driver support system including
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way-finding (involving GPS and “augmented audio reality”) on a
real vehicle.

An example of a small rapid response vehicle is the motorcycle
appliances that have been used with reported success in
Liverpool. McGuirk (2005) describes the launch of a pilot by the
Merseyside Fire and Rescue Service of a fire motorbike to attend
automatic fire alarm calls, with the aim of beating rush hour and
other congested traffic delays in the city. “The fire motorbike will
provide initial risk assessments at callout scenes while appliances
are en route.”

However, little can be inferred from overseas experience, as the
road/traffic conditions in Liverpool would be very different from
New Zealand. A trial in a NZ metropolitan city would be required

Control of traffic light
phasing by on-board
device

Rating by Area Managers
This technology has a low priority rating in the survey of Area
Managers.

Status in ICT Strategy
Not in the ICT Strategy

Literature Review

The potential for reducing response times by equipping appliances
with a device that can control phasing of traffic lights, so that
appliances have priority, was raised in our original brief. Butt
(1999) report the design of a trial in New Zealand of 3M’s
“Opticome” system which “comprises transmitters located in
appliances which trigger receiver in traffic control systems the
appliance is approaching which produces a green light in the
direction of appliance travel”. However, we could not locate any
document on the outcome of this trial. The recollection of NZFS
managers we interviewed was that the improvement in travel
time was very minor; one reason cited by a respondent to our
survey for limited improvement was that appliances need to
proceed through intersections at speeds at which they can safely
stop in an emergency, whether or not they have a green light in
their direction.
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2 ICT TECHNOLOGIES

Vehicle-based Incident
Information Display via IP
(internet protocol)
network eg risk plans

Delivery of incident
information to stations via
IP (internet protocol)
network

Rating by Area Managers
Incident information displays in vehicles with the benefit of
providing more intelligence more quickly was the second most
highly rated benefit/technology combination in the Survey of Area
Managers (Index of 113.3).

Delivery of incident information to stations via IP has medium
priority rating of 57.1, for the benefit of providing more
intelligence more quickly to OICs. This is perceived as having
lower priority than delivery of incident information direct to
responding appliances.

Status in ICT Strategy

An identified “Technology Opportunity” in the ICT is:

Mobile Solutions may result in new generation touch-screen
display devices in Appliances which could provide the dual
function of information displays, as well as the ability to key-in K-
codes.

“Use of WAN (Wide Area Network) IP for Station turnout” is a
project identified in the ICT, including investigation of Vehicle-
based Incident Information Display via Wifi

“Information Display and Status Signaling in Appliances” is also a
project identified in the ICT, to investigate “introduce display/print
technology in appliances and/or stations to automatically present
the main information regarding the incident that the appliance has
been turned out to, in support of accurate response and
appropriate tactics”.

Literature Review
Dittmar (2007) presents an overview of selected firefighting
technologies. These include FireRMS Mobile™) which

"provides access to the master database while in the field so that
CAD  dispatches, fire preplans, inspection reports, maps,
hazardous materials data, and patient care data can be retrieved
wirelessly. In addition, the technology incorporates interoperable
solutions through secure messaging and biometric fingerprint
identification, and an integrated incident management system can
be implemented”

AIMSonScene is an incident command system (ICS) and
personnel accountability software (FieldSoft, Inc, 2009).

“AIMSonScene ICS software replaces tactical worksheets or
marker boards currently used on incident scenes. Application
features allow incident command staff who use the software to
efficiently reduce command post workload, increase incident
commander effectiveness, and generally better focus on incident
strategy, incident tactics, and incident hazard.

The Rapid Responder® is a "“Crisis management system” is
described as providing:

"a complete solution: from collaborating with responders before
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disaster strikes, to quickly locating all emergency, disaster, and
crisis plans in the midst of a crisis, to managing the aftermath.
Within seconds of a 9-1-1 call, Rapid Responder provides police,
fire, and other responders access to:

e aerial and exterior photos;

e the best access routes;

e floor plans and utility shut-offs;

e incident-specific response plans;

e hazardous material inventories;

e containment, evacuation and family reunification locations”

Industrial Fire World (2007) describes NetTalon, Inc's "Virtual
Command Technology. This system requires a building to be
equipped with proprietary sensors, but the manufacturers claim
that:

“..the NetTalon Virtual Command system gives firefighters and
police officers a virtual presence within an affected building.
Within seconds of the alert they can understand a developing
emergency and react to it.. a facility equipped with NetTalon
sensors is networked directly to police and fire department
dispatch and operations centers. Every responding entity receives
notification at once, eliminating time-consuming rerouting.

Emergency notification reaches the fire or police responders
directly, and in seconds they can view the inside of the building,
virtually “looking at” the emergency. The alarm control panel in
the building has a database containing all floor plans with icons
representing sensors. In an emergency, sensor conditions are
updated every second by changing their color, from “not in alarm”
green to “early warning” orange and “alarm” red. The change of
color shows the observer the nature of the developing emergency.

The inbound fire apparatus and police cruisers access the same
information en route, so they can see the incident and complete
preliminary incident planning as they drive to the building. By the
time they arrive at the building everyone has an assignment and
incident mitigation begins immediately.

Integrated building
management systems with
IP (internet protocol)
connection to OIC and
comcen.

Rating by Area Managers

This technology was highly rated in the survey of area managers
with the benefit of providing information to OICs (94.1), but less
so with the benefit of providing information to comcen (35.3).

Status in ICT Strategy
There is a project to investigate receiving Extended Alarm Data from
intelligent building sensors and panels in the ICT strategy,

Literature Review

Wilson et al (2007) describe UC Berkeley’s “Fire Incident and
Rescue (FIRE) Project’s” hardware and software tools to "improve
fire fighting safety, efficiency and effectiveness”. These include an
in-built Wireless Sensor Network (WSN) called “SmokeNet” to
track firefighters in large building incidents and to supply
information including location, fire and health status. The system
includes the “FireEye” Head Mounted Display (HMD), and
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electronic incident command (EICS) software to create a
“ubiquitous computing environment” in buildings. The WSN
system allows firefighters to determine where the fire started,
how it is spreading and which evacuation routes are safe. The
system includes “beacon motes” to broadcast a signal to motes
carried by firefighters to monitor their location. The information is
both relayed to the OIC and, ideally is shown to the firefighters
themselves on the floor plan on their HMD. If an HMD is not being
used, the IC would contact the firefighter if necessary via a
“pager” mote. If motes to form the WSN are not preinstalled in
the building, firefighters can “"drop motes as they go, creating a
smart breadcrumb trail that can be followed to escape danger
zones”. As the paper was written, the FIRE system was at
prototype stage, and being tested by firefighters. Refer:
http://fire.me.berkeley.edu/

Cowlard et al (2010) describes a series of studies conducted to
determine the limitations of existing fire models and sensor
technologies as tools during emergency fire response. The author
then presents “potential methodologies that can combine sensor
technology and computational tools to provide assistance in the
management of a fire emergency”.

Werner et al (2008) describe how wireless sensor networks and 3-
D virtual visualization can combine in a “Live Virtual Environment
Streaming system” (LIiVES). A wireless sensor network in a
building detects fire, smoke, gases, temperature, and movement.
A 3-D representation of the building is modelled from this.
Suppose that the fire department system is registered with the
monitoring service of that building. When sensors detect an
emergency, the fire service is notified and a detailed live
representation of the building is shown on both comcen and to the
OIC on a mobile device. The same 3-D environment can also be
used for simulation purposes in training (based on real or
generated scenario).

The authors note that (2008’s) thin mobile devices have relatively
low processing power, small storage resources, and inefficient 3-D
graphics rendering hardware. This means demanding 3-D
applications are limited to low-detail “Virtual Environments” (VEs),
as downloading complex requires both high bandwidth and
storage capability. The author’s approach to overcome these
challenges consists of moving the demanding geometry rendering
task to a dedicated remote server that streams the rendering
output to a client, leaving only display and minor image-based
rendering tasks to the mobile hardware. The authors discuss a
real-time streaming protocol able to connect streaming servers
and clients through heterogeneous networks and that is able to
transmit a large amount of data.

Devices on firefighters for
location in structures

Rating by Area Managers

This technology was highly rated in the Survey of Area Managers as
having a high priority with the benefit of improving OICs’ command
and control (81.3), and at medium level for helping firefighters
perform fire operations more safely and effectively (62.9).
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Status in ICT Strategy
“Personnel accountability” is noted as a “technology opportunity”.

Literature Review

Fischer and Gellersen (2010) present an overview of location and
navigation support systems for firefighters. Localisation systems
are classified as ‘“Infrastructure-Based”, “Wireless Sensor
Networks”, “Ad Hoc Relative Positioning”, “Proximity Sensing”,
and “Dead Reckoning”. The technologies are also classified by
their primary function: “Tracking determines team locations within
a structure, and navigation shows the teams how to reach a
target location without necessarily knowing exactly its member’s
location”. Available systems listed are: Lifeline; Torch; PASS;
PathFinder; and, Commercial indoor localisation. Technologies
listed at the prototype stage are PPL; SmokeNet; LifeNet; PDR
alone; Map matching with particle filter; Map matching with RFID;
Flipside RFID; Relate Trails; and, HeadSLAM.

Worcester Polytechnic Institute has developed a "Precision
Personnel Locator System” to locate, track and monitor wirelessly
fire fighters inside structures. A graphics display on a mobile
device shows location of the firefighters. The system is being
developed to integrate physiological monitoring. The system
requires three or more appliances equipped with
transmitters/receivers located around a building to capture the
information and firefighters array carry “mobile phone sized

transmitters’. The system senses elevation (refer
http://www.wpi.edu/academics/ece/ppl/ (accessed October
2011).

SafeScene is an “automatic accountability” system is claimed to
be able to detect the presence of emergency personnel at the
incident scene at adjustable ranges of up to hundreds of feet and
to log responders' identities and the equipment on the scene in a
Microsoft*Windows-compatible application. Other features include
personnel accountability report (PAR) timers to facilitate the
allocation of resources or tasks and the monitoring of personnel
and time stamped reports of incident events. Refer:
http://www.safescene.us/. The datasheet for the product states:

“SafeScene utilizes RFID technology to persistently monitor the
incident scene for the arrival and presence of first responders and
apparatus to which the SafeScene tags are affixed.

The SafeScene application, loaded on a command laptop or
notebook computer, is continuously updated with the identity of
on-scene personnel and apparatus and allows the incident
commander to assign personnel to crews or sectors, manage
resources and monitor safety through PAR timers, among other
incident management tasks.”

Hampshire Fire and Rescue Service (2010) have developed a
system that also usesRadio Frequency Identification (RFID)
technology, involving the issuing of identifying tags to firefighters
which are read electronically; the tag information is gathered on
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an electronic rote board monitored by IC. A second RFID tag is
used as an access control, to log firefighters in and out of sectors;
the information is sent by wireless link to the command support
unit.

Sensors on firefighters to
measure and transmit
environmental data eg
temperature, gases, smoke
etc

Rating by Area Managers

This technology was rated as having a medium high priority with
the benefit of improving OICs’ command and control (71.6), at
medium level for helping firefighters perform fire operations more
safely and effectively (52), and at a low level for post-operation
review purposes (26.1).

Status in ICT Strategy
Not in ICT Strategy

Literature Review

Walter et al (2010) describe development of a glove mounted
temperature sensor combined with a “tactile display” inside the
glove that “maps the sensed temperature into varying tactile
patterns.” That is, external temperature ranges are indicated by
patterns of vibrations that the firefighter feels in his/her hand.

Bonfiglio et al (2007) describe “Proetex”,

"a European Integrated Project dedicated to micro- and
nano-technology-based wearable equipment for emergency
operators. During the first year of work, a careful analysis of
several emergency scenarios has been carried out and has
resulted in the design of a complete 'smart’ uniform for fire-
fighters and emergency rescuers. These garments aim at
monitoring physiological parameters, position and posture of the
operators and the presence of external potential sources of
danger and to send these data to a remote coordinating uni...

The external temperature (environment temperature) sensor will
be realized with a thermocouple located in the neck area of the
outer garment (in the front external part). Moreover a circuit for
thermocouple compensation has to be placed near the sensor in
the inner part of the outer garment.

Cavanaugh et al (2011) discuss the Worcester Polytechnic
Institute (WPI) “Precision Personnel Locator System”. This
requires no pre-installed infrastructure. This system incorporates

“physiological monitoring sensors and real time display;
automated solution of outdoor sensor positions for rapid
deployment, synchronization technologies for wirelessly connected
transceiver nodes and accuracy enhancement through sensor
fusion”

Cyganski et al (2008) describe a “Portable Flashover Predictor” as
an additional development of the WPI “Precision Personnel Locator
System”. This project included an

“integration effort in which a portable flashover prediction device
fused with a data stream from a system .. which provided
simultaneous firefighter location and physiological information...
the conditions at a low ignition temperature sentinel has been
demonstrated as having excellent potential impending flashover in
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a compartment fire. A forewarning of approximately 60 seconds
was within the context of these tests’ acceptable limits wherein
the intent is to provide sufficient time to exit the compartment.
The system was successfully integrated with an existing system
developed under a previous AFG grant allowing a real time
concurrent display of each firefighter’s location, physiological
information and current fireground environmental integrated
system was demonstrated in a series of tests conducted at the
Massachusetts Fire fighting Academy”

Klann et al (2007) outline LifeNet, an “Ad-hoc Sensor Network
and Wearable System to Provide Firefighters with Navigation
Support”. In this system:

“firefighters automatically deploy sensor nodes along their paths
effectively establishing an ad-hoc infrastructure for positioning,
sensing and communication. Firefighters interact with this sensor
network by way of wearable computing equipment and receive
navigational information on e.g. a head-mounted display or over a
headset.”

System to locate caller’'s
cell-phone etc

Rating by Area Managers

This has a medium priority rating with the benefits of “Provide
more intelligence more quickly to OIC” (60.9) and “Provide more
intelligence to comcen operator” (56.1).

Status in ICT Strategy

There is a project to investigate finding location coordinates from
Mobile phone callers and mobile IP Phone Callers in the ICT
strategy.

Literature Review

Takizawa et al (2008) devise a prototype system for pinpointing
the place of an origin of a mobile phone emergency call using
active RFID tags. Their method is claimed to be more precise
than GPS or cell-based position method because it works in GPS
blind spots (indoors or underground). In fire fighting and rescue,
three dimensional position is often necessary, eg to the specific
level of building the incident is in. In this proposed system,
smartphones are equipped with an RFID reader and rooms of
buildings have active RFID tags embedded in their ceilings (ie
included as part of the smoke detector or fire alarm). In the
prototype, Bluetooth is used for communication between
smartphones and RFID tags but other systems are possible. In the
ideal fully developed system, the user would initiate the
emergency call manually, and the precise location in space the
call is made from would be transmitted automatically as part of
the call and appear on the comcen console.

Transmission of digital
video by cameras on
firefighters

Rating by Area Managers

This is rated as medium priority with the benefit of “Improving
OIC’'s Command and Control at Incidents (60.4)”, and at a lower
priority with the benefit of “Helping firefighters perform fire
operations more safely and effectively (41.2).”
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Status in ICT Strategy

“Use of ... video streaming to provide real-time graphical
information about the incident environment” is identified as a
“technology opportunity”, but not specifically video from cameras
on firefighters.

Literature Review

Bergstrand and Landren (2011) describe an explorative project
aimed to study the use of live video technology in emergency
response work:

“"The application (LiveResponse) was designed as a secure web
mash-up incorporating dynamic map services and live video
support. The main feature of the application is the ability for
response actors to broadcast live video from the incident site to
be viewed in a matter of seconds using the web-application at the
command centre.

Videos are broadcasted using a commercial live video service from
Bambuser on Nokia Navigator mobile terminals equipped with a
3.2 megapixel camera, 3G networking capabilities and A-GPS
positioning. The live video service handles the live video and
delivers geopositioned live streaming and archived Flash video
material to the web application in seconds. The web application
also provides access to traffic surveillance cameras.

Based on the interviews with the professional responders, our
analysis indicates that video from response work is seen as
enhanced  means of  communication. Video  provides
complementary information to the traditional verbal reports
communicated via radio or mobile phone.

From the perspective of the people working at the command
centre, the use of video enables them to have a tighter connection
to the ongoing response work... the cues extracted from the video
enable the command centre operator to have a form of implicit
feedback loop for the activities done at the command centre in
order to support the work on the site.”

Bretschneider et al (2006) review the requirements for HMD
display technology for firefighters, then available technology
(including see through and look around technologies), and how
the technology was expected to develop. An example of this is
with a helmet (or otherwise) mounted camera, images can be
transmitted to remote experts and at the same time the images
are displayed in the HMD. The expert can indicate things in the
camera’s picture that is displayed on the firefighter's HMD.

Display of images and text
data superimposed over
real time images of
emergency location

Rating by Area Managers
This is rated as medium priority (60.4) with the benefit of
“Improving OIC’s Command and Control at Incidents

Status in ICT Strategy
This is recognised as a “Technology Opportunity” in the mobility
field in the ICT.
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Literature Review

Nilsson et al (2009) describe an "“augmented reality” (AR)
approach to collaborative command and control between
emergency responders to a major incident. The AR system
provides "“organisation specific” views of the emergency to
representatives of emergency response organisations. In the
system, paper maps, plans, etc, are replaced with digital maps,
and users interactwith the maps via a head mounted display.
Participants in a reported simulation using the system thought AR
has potential in training, simulation and strategy testing before an
operation. The “AR system allows all individuals to work on the
same map, both individually as well as collaboratively... but the
added benefit of the AR system, compared to a paper map, is that
it is possible to quickly swap perspectives and follow one
organisation at a time, as well as see the overall view of all
available resources and their status and distribution”.

Ali et al (2008) note that advances in mobile computing have
enabled a new realism of visualizing 3D representation of objects
on small computing devices such as cell phones or head-mounted
display, but that challenges remain due to limited bandwidth and
processing power on mobile devices. The authors present a
“motion-aware” approach to speed up real-time retrieval of 3D
objects over a wireless network. The authors claim their
experiments demonstrate the effectiveness of their solution to
continuous retrieval of complex spatial data in mobile settings.

Receive and analyse GPS
data from public’s devices

Rating by Area Managers
This is rated as medium priority with the benefit of providing more
intelligence more quickly to OIC (57.1).

Status in ICT Strategy

"Use of GPS and video streaming to provide real-time graphical
information about the incident environment” is noted as a
“Technology Opportunity”.

“Highlight” of Comcen Enabler: Investigations into the ability to
support other methods for the public to communicate with the
Comcens, such as text messaging, the ability to send pictures or
video from the incident scene, and the ability for the Comcens to
utilise GPS or other such facilities to confirm the location of a
caller.

Literature Review

The current challenges of locating cell phones (see above) will
ameliorate over time, due to increasing penetration of
smartphones with GPS capabilities. Emergency responders will
gain instant information on location of person making an
emergency call.

See Section 3.3 for a review of literature on crowdsourcing of
emergency information.
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Bio-sensors on firefighters
to measure and transmit
physiological data

Rating by Area Managers

Has medium rating (56.3) with the benefit of Improving OIC's
command and control at incident and a low rating of 43.6 for
helping firefighters perform fire operations more safely and
effectively.

Status in ICT Strategy

““Use of bio-sensors to monitor fighter physiology in real-time
during an incident (under research at AFAC)” is noted as a
“Technology opportunity” in the ICT strategy.

Literature Review

Colunas et al (2011) discuss the “Droidlacket”, which combines
the ™“Vital Jacket” embedded with biometrics sensors (see
http://www.biodevices.pt/) with an Android-based smartphone as
a base station for vital signs acquired “enabling visualization and
simple real time processing”.

"The selection of Android-based devices allowed us to adopt a
modular design for our mobile base station framework, using an
open source framework and to deploy this solution easily from a
standard workstation to the Android mobile with no added cost, as
Android development is also supported in Java. The design is
highly extensible to support different protocols...and automatic
detectors that can summarize the data stream features and/or
generate alarms.

(The System) monitors multiple individuals, taking advantage
from the fact that most mobile operating systems now support
multithreading.

The DroidJacket integrated acquisition and processing, in a mobile
device, opens new ways of personnel monitoring. However the
mobile application limited screen size is not as convenient as a
laptop for monitoring multiple teams.”

The “Vivometrics LifeShirt” (see http://www.vivometrics.com/) is
a chest strap/belt embedded with biometrics sensors, for
emergency responders to wear under protective gear. It monitors
respiration, ECG, blood oxygen saturation, temperature, and
activity level, plus blood pressure, and other measures of health.
Trainers and officers can use the standardized, statistically
significant data to predict the onset of overexertion and heat
stress and as a baseline when observing firefighters during
physically demanding work in stressful environments.

Sensor data are transmitted in real time by wireless modem to
the command centre, where first responders and their working
conditions are monitored. The software also supports individual
“threshold zones” based on each responder's physical fitness.

University of Maryland’s Centre for Firefighter Safety Research
and Development (Bennett, 2006) used the Vivometrics LifeShirt
in a study to devise health and safety guidelines for firefighter
training:
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“The LifeShirt gathered multiple measures including blood
pressure, blood oxygen saturation, respiration, EEG/EOG, periodic
leg movement, temperature, end tidal CO2 and cough.”

The Worcester Polytechnic Institute (WPI) “Precision Personnel
Locator System” outlined above also incorporates “physiological
monitoring sensors and real time display” refer Cavanaugh et al
(2011).

Kingsley et al (2004) describe Srico’s “Photrode”, a non-contact
sensor system which uses lasers to measure the
electrophysiological signals produced by the body.

Video data from cameras
on fire engines

Rating by Area Managers

Has medium rating (54.7) with the benefit of “Improving OIC's
command and control at incident” and a low rating of 24.8 for
“More effective post-incident reviews”

Status in ICT Strategy

"Use of GPS and video streaming to provide real-time graphical
information about the incident environment” is noted as a
“Technology Opportunity”

Literature Review
See above under Transmission of digital video by cameras on
firefighters.

Capability to receive and
analyse visual imagery of
incidents at comcen

Image analysis software to
analyse video for location,
size and movement for
command and control at
incident

Rating by Area Managers

This has low priority rating of 37.1, for the benefit of provide
more intelligence to comcen operator, and slightly higher priority
for command and control at incidents (42.7)

Status in ICT Strategy
“ability to accept video and data from the public at an incident” is
a “Technology Opportunity” in the ICT.

Literature Review

“Firelidar” is a portable active (ie sends a near-infrared light signal
and detects its return) imaging system developed to aid search
and rescue in smoke and flame environments (Billmers et al,
2007). The system is intended to augment passive thermal
imaging technology by imaging "“in the presence of a thermal
bloom, heavy smoke conditions”. It enables firefighters to see
objects through obscuring smoke and flames. While scheduled for
development to prototype stage in 2005, it appears to not yet be
on the market.

Harvey (2011 a) gives advice on use of thermal imagers safely,
and in Harvey (2011b) the author gives advice on using thermal
imagers to detect “pre-flashover” conditions in a room. In Harvey
(2010), the author suggests techniques for using a thermal
imager to evaluate a structure for signs of structural collapse
during a fire.
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Lombardo (2006) reviews a number of incidents in which thermal
imagers were used in Buffalo, NY, to save lives, make rescues or
find fires.

Thermal/visual imaging technologies originally developed by NASA
for use in manned spaceflight have been adapted for use by fire
firefighters by Innovative Engineering and Consulting
(http://www.iecinfrared.com). This thermal imaging technology is
claimed to make a clear distinction between the intense heat of a
fire and the lower-level thermal signatures of human bodies in
search and rescues situations. The firm’s products include
“infrared cameras, thermal imaging systems, non-imaging sensors
and supporting subsystems”.

Visual Analytics

Kim et al (2007) present an “efficient and interactive mobile visual
analytic system for increased situational awareness and decision
making in emergency response and training situations”. Here,
“visual analytics” means interactive visual interfaces on mobile
devices including smartphones. Visual analytics is a tool to help
emergency response commanders (at the emergency location) to
analyse and understand the “active emergency situation” through
interactive, integrated data analysis and visualisation. There are
three categories of visualisation: visualisation of sensor data, 2D
and 3D visualisation on mobile devices, and visual analytics on
mobile devices. The prototype system was subject to a test
simulation of evacuation from a 2003 nightclub fire. Emergency
response personnel who participated in the study are cited as
feeling the technology would be useful for personnel training,
preplanning scenarios involving site inspections.

Technext (2011) describe a volumetric 3-D display technology by
termed “3D VolumeViewer”:

"The system... provides a radiant, high-density picture that is
viewable from any angle. The ability to have a large number of
simultaneous viewers is unique to true volumetric displays. The
3D VolumeViewer system provides both physiological and
psychological depth cues required by the human visual system to
perceive 3D objects. ... 3D VolumeViewer makes 3D viewing much
more intuitive and efficient, providing an excellent visual tool for
mission-critical situations.”

Pattath et al (2006) discuss the use of visual analytics on mobile
devices to “provide safety personnel with information for better
emergency planning and guidance”.

The authors define “Visual analytics” as "the science of analytical
reasoning facilitated by interactive visual interfaces. More
specifically, the integration of mobile devices into the analytical
process is referred to as 'mobile analytics.” Using state-of-the-art
mobile devices, we can enhance the analytical process through
interactive, integrated data analysis and visualization, enabling
the user to extract important features necessary for rapid,
actionable decision making on site.
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Capability to receive and
analyse photo and video
data sent by public

Rating by Area Managers

Area managers see this has having only low potential, but this
may be because of lack of awareness of what is/will be possible.
The priority for NZFS would be to implement technologies at its
end for analysis of video data from cameras on appliances and
firefighters, then extend capability to analysing visual data
provided by public.

Status in ICT Strategy

Highlight of Comcen Enabler: Investigations into the ability to
support other methods for the public to communicate with the
Comcens, such as text messaging, the ability to send pictures or
video from the incident scene, and the ability for the Comcens to
utilise GPS or other such facilities to confirm the location of a
caller.

Literature Review
Refer to literature review on “crowdsourcing” of information useful
for emergency responders in Section 3.3 above.

Head up display of images
and text data
superimposed over real
time images of emergency
location

Rating by Area Managers

This is perceived by managers has having a low priority (35.1) for
the benefit of helping firefighters perform fire operations more
safely and effectively.

Status in ICT Strategy
This is recognised as a “Technology Opportunity” in the mobility
field in the ICT.

Literature Review

Wilson and Wright (2007) describe in detail the theory and
practice of Head mounted Displays (HMD) for fire fighting. Two
types are covered: “look around” monocular HMD in facemasks,
and see through “augmented reality” displays. The author’s view
is that “look around” design “is generally preferred for applications
such as a firefighter viewing a floor plan. It has advantages of
simplicity, smaller size, lighter weight, lower power consumption
and ease of viewing against bright backgrounds” Consequently,
only the look around approach is subject to intensive experimental
testing (refer also Wilson et al (2007))

Martins et al (2004) describe the prototype of an “augmented
reality” display system.

Bretschneider et al (2006) review: the requirements for HMD
display technology for firefighters; the technology then available
(including see through and look around technologies); and, how
the technology was expected to develop.
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Decision Support/Expert
Systems in Command and
Control

Rating by Area Managers
Not included in Survey of Area Managers

Status in ICT Strategy

The ICT Strategy notes that "the new generation
Hazmat/Command vehicles provide incident command and control
software for decision support.”

Literature Review

There has been considerable development in the field of decision
support systems to help incident commanders assess, and make
sound command decisions on the basis of the range and depth of
data from video and other sensors the modern ITC technologies
make possible (Cowlard et al, 2008).

Adams et al (2011) describe the architecture and requirements of
a system to support command and control in major emergencies.
A “net-centric” approach is proposed that emphasizes cognitive
aspects of decision support to enable decision makers to achieve
“shared awareness”. “Linking knowledgeable entities effectively
leads to increased speed of command and a higher tempo of
operations with a degree of self-synchronization. The resulting
system will decrease cognitive over-load and improve cognitive
monitoring by providing a more systematic and less labour-
intensive method to manage information from and for emergency
responders”.

Wang and Li (2011) suggest a multidimensional data model for
emergency decision making that divides emergency event
attributes into “structured” and “unstructured” attributes. The
model finds “similar” events through application of “similarity
theory”, to provide references to support emergency decision-
making.

Xin Ye et al (2009) also address this topic; the authors propose
the architecture of an Emergency Decision Support System.

Chen et al (2008) present the theory of a “mobile fuzzy decision
support system for firefighter cooperation in ad hoc networks”.
This proposed decision support (expert) system involves “path
navigation, danger reminder, rescue cooperation, and
extinguishing cooperation”. The authors suggest that their
proposed DSS will allow firefighters to “obtain complete situation
information of the fire scene, achieve more effective cooperation,
select optimum assistance alternative based on triangular fuzzy
set, and increase their safety”.

Wu et al (2008) present a theoretical paper suggesting a
“vocabulary” for emergency events as progress towards an
emergency decision support/expert system. The authors’
“Ontological Event Model” consists of five “layers” - Event Layer,
Phases Layer, Representation Layer, Decision-making Layer, and
Action Layer.

Drury et al (2009) report an experiment to test a visualisation
approach to providing firefighters with "“Dynamic Decision
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Support” by showing the range of simulated consequences of
possible decisions. The aim is to find a “course of action” that is
“robust”, ie is “not sensitive to inaccuracies in situation
descriptions, and therefore more likely to succeed across a wider
range of plausible futures”.

FreBmann (2006) presents an overview of the European R&D
project AMIRA (Advanced Multimodal Intelligence for Remote
Assistance) focused on information support for time critical
processes in fire service organisations. The proposed system aims
to support the Incident Commander (IC) when he "“acks
information necessary for decision-making and for estimating
current resources”. The AMIRA system “focuses on supporting
the IC in making requests and receiving answers by using a
mobile system, which can be triggered through speech based
requests”. The authors propose a “workflow approach” which
“automatically sends requests to different information sources and
to stop when the search results are satisfying”.

Wang (2009) introduce a formal resource-constrained decision
support workflow model for emergency response; this constitutes
a decision support tool to effectively manage the resources used
through the phases (mitigation, preparedness, response and
recovery) of an emergency, without incurring resource shortages.

Zhu et al (2009) describe an “advanced” decision support system
for emergency decision making that includes geographic
information system (WebGIS). The authors claim their proposed
system “can provide the whole process, multi-level information
services, as well as the emergency command and decision-making
for all levels (of) emergency agencies”, before, during and after
emergencies.

3 Other Fire Fighting Technologies

Maintain/enhance mains
water supply pressure is
adequate for fire fighting

Rating by Area Managers

This is the highest priority non-ICT technology for area managers,
with a rating for 59.3 for providing the benefit “help firefighters
perform fire operations more safely and effectively”.

Consultation

This issue arose in our consultation as it became clear that
sprinkler technology (particularly domestic) can not be considered
in isolation from water pressure, as sprinklers will not function
correctly if water pressure is too low. We understand from
consultation there is a relevant “social” trend towards water
supply agencies reducing water pressure so as to reduce losses,
but to the detriment of both sprinkler operation and effective fire
fighting. However, if this becomes a fact of life the fire service
has to live with, then it may have to adopt fire fighting
technologies to maintain fire fighting effectiveness, and domestic
active protection systems will also need to adapt.

We have not carried out a literature review on this topic.
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Compressed Air Foams
delivery systems

Rating by Area Managers
This has a rating for 46.0 for providing the benefit “help
firefighters perform fire operations more safely and effectively”.

Literature Review

Alan, O'Neil et al (2010) present an experimental study of the
cooling capabilities of the compressed air foam system (CAFS) in
fire-fighting of compartment fires:

“Two fire scenarios were considered, namely fuel- and ventilation-
controlled tests. The CAFS and the traditional suppression agent
(water mist) were used in both scenarios”.

e For fuel-controlled experiments, the CAFS is far superior to
water mist as: a) it reduces more substantially the
temperatures inside the enclosure owing to its higher heat
absorption rates, and, b) it creates much less water run-off
during the operations and thus minimises the water damage to
buildings and the environment. Moreover, when the CAFS was
applied the flashover conditions were almost completely
extinguished and fire-fighters could stay inside the
compartment for the duration of the operation until fire was
put out, whereas when water mist was used fire-fighters had
to retreat during the operation due to reduced visibility and
high temperatures.

e For ventilation-controlled experiments, little difference was
observed in the suppression effectiveness between the CAFS
and water mist as the temperature evolution histories by the
two agents are almost identical. One of the concerns in using
the CAFS is that the air in the system could accelerate the
backdraft. This was not observed in the present study, which
showed that the CAFS does not contribute to or cause a
backdraft.

e The present results clearly show that CAFS could be used for
fire-fighting of fuel-controlled fires; however proper training
and understanding of fire behaviours and the application
methods are essential. The analysis of the suitability of CAFS
in ventilation-controlled fires remains inconclusive and further
research should be undertaken in this area.”

Jourda et al (2010) conduct a real-scale test of the efficiency of
two extinction techniques used by firefighters for under-ventilated
fires: first impulses of finely divided water and, second, projection
of CAF on the walls of the premises, in order to develop models
describing thermal exchanges in the premises under both
techniques. In the water droplet technique, gases are cooled by
thermal exchange of droplets with the gaseous environment. In
contrast, CAFS are used to create a cold surface on wall (ie foam
acts as a heat sink at the surface of the wall). The authors
suggest that:

"Due to new energy conservation regulations, buildings are
becoming more and more heatproof. Thermal feedback of the
walls on the hot gases must be taken into account by the
firefighters in order to define new fire fighting techniques.”
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However, both techniques use of the latent heat of the water
evaporation.

Svensson (2010) describes a number of approaches for
quantifying fire fighting operations, with the goal of assessing the
efficient use of resources during fire fighting. The author
suggests the “focus should be on the results of such operations”
while considering the inherent complexity, measurability and
outcome of fire fighting operations.

Handheld Water Mist
delivery systems

Rating by Area Managers
This has a rating for 29.7 for proving the benefit “help firefighters
perform fire operations more safely and effectively”.

Literature Review

Snegirev et al (2010) study the effects on water droplet size on
fire suppression, via a computer simulation study. The authors
note that growing use of high-pressure fine water sprays in fire
suppression systems is motivated "by the need to minimize water
flow rate necessary to suppress fire. Being relatively cheap,
environmentally clean, non-toxic and widely available substance,
finely dispersed water (water mist) is often considered as a
possible substitute for Halons prohibited by the Montreal Protocol
and its subsequent revisions. Given the unbeatable thermal
characteristics of water as an extinguishing agent, refinement of
water spray may offer an engineering solution that will intensify
water evaporation and control its delivery to the fire origin. As a
result, use of fine water sprays and mists is a rapidly evolving
technology of fire protection”

The authors conclude that: drop size reduction may cause faster
flame suppression at lower water supply rate. This advantage of
spray refinement can only be utilized if total spray momentum is
sufficiently high (relative to the momentum of the flame-driven
flow) and (ii) spray is directed towards the fuel.

Positive Pressure
Ventilation

Rating by Area Managers
Not in Survey of Area Managers.

Literature Review

Kerber et al (2010) review developments in positive pressure
ventilation.

Experiments have shown that PPV can be used with success in a
variety of buildings. However, the use of PPV should be used with
caution in large structures, especially structures including rooms
with high ceilings and large open areas as well as structures with
a complex layout. PPV works best in “tube like” areas such as
hallways. PPV causes mixing in rooms with high ceilings which
may disrupt the thermal layer. In rooms with large open areas the
flow from the fans will clear between the inlet and the outlet. To
ventilate efficiently in these rooms the outlet should be varied to
entrain more smoke into the ventilation flow. In large structures
there is the potential for multiple victims and extended rescue
times and resources. Fans provide the ability to remove a
hazardous condition from potential victims making the search and
rescue process less time and labour intensive.
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4 Rescue Technologies

Robots for Fire and urban
search and rescue

Rating by Area Managers
This technology was rated as a very low priority, at 15.3.

Literature Review

Burke and Murphy (2007) tests mobile robots in a Urban Search
and Rescue (USR) context as a way of augmenting
communication in “distributed” teams “through a remote shared
visual presence (RSVP) consisting of the robot’s view. By giving all
team members access to the shared visual display provided by a
robot situated in a remote workspace, the robot can serve as a
source of common ground for the distributed team” The authors
claim the findings of their field study suggest “RSVP may enable
distributed teams to perform as effectively as collocated teams.”

Candido et al (2010) propose an algorithm for control of a team of
autonomous fire fighting robots. The algorithm allows an expert,
(presumably the OIC) to “inject specialized knowledge” to the
robots, to helps the robots deal with "uncertainty in both the
application of actions and sensing of observations”. The algorithm
is tested in simulation, not in the “real world”.

Liu and Lu (2009) develop Al control strategies for a group of
robots to locate the source of a hazardous contaminant (or an
incipient fire). The authors test their method in computer
simulations, rather than build real-world robots.

Naghsh et al (2008) describe pre-prototype development of
interactive (ie between humans and robots) use of autonomous
robots in fire emergencies. The report focuses in particular on “a
swarm of robots that are capable of supporting and enhancing fire
fighting operations co-operatively and we investigate how
firefighters in the field work with such a swarm”. The authors
suggest the following ways a robot swarm can assist firefighters:

“"1) Notifying the firefighters of possible hazards (e.g. obstacles,
high temperature, chemicals);

2) Indicating unambiguously the direction to the scene of incident
or backwards to the exit point;

3) Grouping - it is important for firefighters that the swarm stays
within a relatively close range to them but also maintains its
distance to the firefighters to allow them freedom of action.”

Pessin et al (2007) describe simulation of a “multirobotic system”
in a forest fire. They contend that the intelligent control and fire
fighting strategies they develop and test could be applied to
physical robots fighting real forest fires.

NASA (2005) describes military robots based on technologies
developed for robotic spacecraft and rovers. Designed to search
dangerous or inaccessible areas, similar technologies may become
available for urban search and rescue.

Kumar et al (2004) develop and test an innovative variant on the
theme of distributing sensors (mote) in buildings during

emergency for environmental monitoring and responder location
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purposes). In this paper, the motes are deployed by camera-
carrying mobile robots which can enter, explore and test spaces
and routes potentially too hazardous for human firefighters. The
test was only a qualified success, but gave a useful base for
further development of the technology.

Purohit (2011a) et al describe how The Department of Electrical
and Computer Engineering, Carnegie Mellon University is
developing a more modern system on the same principle, but in
this case the sensors are carried by flying robots (“Sensorfly”).
See http://sensorfly.sv.cmu.edu/SensorFly/Home.html; this site
has videos of a prototype in action. The SensorFly system is

“controlled-mobile aerial sensor network platform for indoor
emergency response application. The miniature, low-cost sensor
platform has capabilities to self deploy, achieve 3-D sensing, and
adapt to node and network disruptions in harsh environments”.

Purohit and Zhang (2011b) describe a simulation system for
testing and developing the SuperFly system, “that incorporates a
realistic indoor fire growth model (CFAST), with a radio path loss
model, wireless network model, and mobility model of a controlled
mobile sensor network, to achieve a more comprehensive
representation of such cyber-physical systems.”

An article at
http://www.fireapparatusmagazine.com/index/display/article-
display/1456189995/articles/fire-apparatus/volume-16/issue-
11/features/drones-change-the-face-of-recon-for-fire-service.html
discusses the adaptation of military-type aerial drones for
reconnaissance at major emergencies. The Honeywell cDUV drone
can carry optical or infrared cameras, and “chemical, biological or
radiological sensors”, for a flight time of 40 minutes; but is limited
to flying in winds of 17 mph or less. W.S.Darley and Company'’s
Stinger drone has a similar camera/sensor capabilities and flight
time 15-40 minutes depending on payload.
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5 Training Technologies

Technologies to maximise
flexibility in training
time/place.

Rating by Area Managers

This is the third highest rated “technology” by area managers at
112.4 (although it is more correctly an application of technology,
than a technology per se).

According to NZFS’s Statement of Intent 2009, the “Training and
Progression System (TAPS) umbrella. TAPS is a unit-standard-
based programme that provides a well-defined career path in
terms of knowledge and experience requirements. It enables
firefighters to do much of their learning at their own pace, outside
the work environment.”

The Fire Services has a “blended learning” policy, to provide both
career and volunteer firefighters with different ways of accessing
information. Most training materials are in written form,
supplemented by videos distributed on DVD (pers. comm.)
Bandwidth issues have restricced development of online
interactive materials to date. In the literature review below we
indicate “e-learning” technologies with potential for adoption at a
future date when bandwidth ceases to be a constraint. That some
firefighters will continue to have preference for printed over on-
line materials will continue to be a challenge to cost-effective
delivery of standardised training.

Literature Review
E-learning Training Technologies

A good starting point for exploring ICT educational technologies is
the (U.S.) Association for Educational Communications and
Technology (AECT) at:http://aect.site-ym.com/

Christchurch-based multimedia “e-learning” company Hand
Multimedia presents steps in the development of “Learning
Management Systems” at
http://www.hand-multimedia.co.nz/3.1.asp?mid=3.1 it
Information on its e-learning product “Roleplay” is at:
http://www.roleplaytraining.com/company/about us.aspx

Course Management Systems (CMS)

“Blackboard Learn” is an education system to deliver course
content which can be extended and customized to client’s
requirements with “building blocks”.

It is used for training by the (U.S.) National Association of State
Fire Marshals:

http://nasfm.blackboard.com/.

Victoria University of Wellington use it for Learning/Course
Management System:

http://www.utdc.vuw.ac.nz/blackboard/

McCabe and Meuter (2011) present a study on the connection
between classroom technology including Blackboard and student
learning. The authors found that students enjoy using many of
the course management tools, but the students “do not see the
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tools as highly effective at enhancing the learning experience”.
The authors ascribe this to inadequate use of CMS by teachers;
technology should be used to “develop innovative learning
situations and make learning more active, engaging, and
ultimately better for students (so that) students and faculty work
together to create the learning process”, rather than to duplicate
what has always been done in the classroom.

Virtual Worlds eg Second Life

“Virtual World” websites, most notably “Second Life” have been
experimented with as vehicles for serious education and training,
as well as entertainment (for example Halverson et al 2011).
These could be used to for fire (and other emergency) simulation
training at relatively low cost. MASA Group, a developer of
Artificial Intelligence systems for sophisticated simulators for
training (see below) has taken steps towards developing a fire
training simulation system in Second Life, see:
http://www.youtube.com/watch?v=n2UYUZDfoBU, and
http://www.youtube.com/watch?v=0nxWbvixapw&feature=related
A comment from MASA group on the first video is “Our Second
Life prototype is ... a technical demonstration ... and only follows a
lot of work will be necessary to transform it into a real training
tool”

Diner et al (2009) report on a University of Auckland pilot project
into the feasibility and potential for multi-user virtual reality
environments nursing scenarios for nursing education. The
authors concluded that the simulations built in Second Life
“provide students with experiential and contextual learning in a
team setting... (our) goals are to engage students in analysis,
decision making and problem solving within a real-time team
context.., through increasing collaborations with other medical
educators and institutions we believe we can reduce the cost of
simulation development (and) considerably expand the base of
cases and scenarios. See also YouTube video

http://www.youtube.com/watch?v=G2jN7L80bH8&feature=related

Technologies to maximise
flexibility in training and
learning style (visual,
auditory, read/write,
kinesthetic)

Rating by Area Managers
This is the fourth highest rated “technology” by area managers at
105.5; again it is an application of technology.

Literature Review

Leite et al (2009) test the VARK algorithm for assigning people to
four learning style preferences - Visual, Auditory, Read/Write and
Kinesthetic. This division is not absolute, as many people are
classified as having multiple learning style preferences. The author
found that as many as 36% of test subjects had all four styles.

Many firefighters are believed have a “kinesthetic” learning style
(source: consultation with NZFS managers, Petrakis 2003), so
prefer to learn when physically active.

Motion sensing input devices such as Nintendo Wii and Microsoft’s
Kinect for Xbox 360 could potentially be used with simulators
based on games technology (see below) and lower-cost “virtual
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world” simulators (see above) for more effective training of those
with a “kinesthetic” learning preference.

E-learning tools built using the Course Management Systems
outlined above could include materials developed to accommodate
the other learning styles eg written text for those prefer a
read/write style, podcasts for those with auditory preferences, and
graphic and video for those with a visual preference.

Innovative live fire
simulators

Rating by Area Managers
This is the fifth highest rated technology by Area Managers, at
94.5

Literature Review

Information on the “Compartment Fire Behavior Training (CFBT)”
approach to live fire training using redundant steel shipping
containers to simulate compartments, as used by UK Fire Brigades
is available from

http://www.transitionalfire.com/index.php

and

http://www.firetactics.com/COMPARTMENT-FIRE-
SIMULATORS.htm

Information on Kidde Fire Trainers is available at:
http://www.kiddeft.com/utcfs/Templates/Pages/Template-
46/0,8060,pageld%3D792%26siteld%3D385,00.html

Command and Control
Simulators (physical and
software, fixed or truck-
mounted)

Rating by Area Managers
This is the seventh highest rated technology by Area Managers at
87.5.

Literature Review

Toups et al (2011) take an unusual approach to training
firefighters in teamwork. While the training uses computers, there
is no attempt to present realistic visuals. The authors “take a
different tack, hypothesizing that a zero-fidelity approach,
focusing on human-centered aspects of work practice, will improve
team coordination learning”. To test this hypothesis, the authors
“develop quantitative evaluation methods for impact on team
coordination learning through measures of communication
efficiency and cooperative activity. Results show that participants
improve cooperation, become more efficient communicators,
differentiate team roles through communication, and leverage
multiple communication modalities”.

Lee et al (2010) describe a prototype virtual reality platform for
team training that includes haptics (tactile feedback, including
heat radiation equipment). The virtual environment allows the
firefighter to “navigate the environment, command firefighters,
watch them according to pre-defined training scenarios and
manuals, see realistic fire and smoke based on fire dynamics, feel
heat stress using heat radiation equipment, and monitor the
behavior of trainees as they react to changes in the environment”.
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Schurr et al (2006) describe in detail DEFACTO, “a multiagent
based tool for training incident commanders for large scale
disasters (man-made or natural)”. The system combines

“a high fidelity simulator, a human interface, and a multiagent
team driving all of the behaviors. Training incident commanders
provides a dynamic scenario in which decisions must be made
correctly and quickly because human safety is at risk. When using
DEFACTO, incident commanders have the opportunity to see the
disaster in simulation and the coordination and resource
constraints unfold so that they can be better prepared when
commanding over an actual disaster. Applying DEFACTO to
disaster response aims to benefit the training of incident
commanders in the fire department”.

Rocha and Boukerche (2010) describe in-development
“architecture to support the modeling of different High Level
Architecture (HLA) compliant emergency management training
simulations. Different ontologys (simulation, tactic, emergency,
equipment, person, infrastructure and vehicle) are created to
support complex simulation instantiation. Simulations can be
accessed through any device that can run an X3D browser. A
context database is created, which provides real life events,
collected via wireless sensor networks that can be added to
different simulation scenarios.”

Interactive Virtual reality
fire fighting simulators
(physical and software
fixed or truck-mounted)

Rating by Area Managers
This is rated by Area Managers as having medium importance
(67.2)

Literature Review

Cha et al (2010) discus a Virtual reality based fire training system
which seeks to portray fire behaviour accurately through "a
specialized numeric solver to generate fire dynamics data, and
apply scientific visualization techniques to effectively display these
data in 3D.” The authors found that “"this enabled users to easily
grasp the useful information of a fire, as well as to evaluate safety
achievement during training activities.” The system employs large
screens which surround the (standing) trainees.

Denef et al (2009) report on fieldwork studies on the “equipment
used by firefighters, practices built upon them and a set of
common properties” in order to inform design of ubiquitous
computing systems (ubicomp). They conclude:

“"Ubicomp for firefighters has largely neglected the complex nature
of fire fighting, focusing on transferring technology for other areas
of research and adapting them to fire fighting. Contrasting with
that, we are focusing on creating technology reaching from the
contextual nature of fire fighting towards ubicomp”.

Frye (2007) reports on training firefighter students in deploying
sensors, then establishing and using Wireless Sensor Networks.
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Backlund et al (2007) describes a “game based”, “virtual
environment” firefighter training simulator in which firefighters are
surrounded by high panel screens. The author notes that:

“Sidh is based on computer game hardware and software solutions
but adds a novel interaction model and gameplay specifically
developed for the purpose of training firefighters. The simulator
environment is a Cave where the player is interacting with the
game through a set of sensors. Players move in the virtual world
by movements in the physical world and a substantial physical
effort is required to accomplish game tasks. The authors contend
that Sidh is a useful complement to traditional training methods
and that the subjects give very high grades on the entertainment
value of the game which indicate that this form of training may be
self-motivating which is an important issue for voluntary, after-
hours training”.

Dogra et al (2009) describe development of the “VRFire” for
“immersive” 3D wildfire visualization and simulation application:

This fire spread model will be graphically illustrated on a
realistically rendered terrain created from actual DEM data and
satellite photography. We are working to improve and benefit
tactical and strategic planning, and provide training for firefighter
and public safety with our application”.

Command and Control
Simulators (software only)

Rating by Area Managers
This is rated by Area Managers as having medium importance
(65.1)

Literature Review
Julien and Shaw (2003) describe a software-only command and
control simulator which:

“allows the user to: navigate around the environment, viewing a
house on fire from any angle; command firefighters and watch
them execute those commands; and see realistic fire and smoke
behavior reacting to changes in the environment.”

However, it appears the simulator has not been further developed
since 2003.

Information on the CommandSim package for command
simulation and training is available at:
http://www.commandsim.com/products.html

Interactive Virtual reality
fire fighting simulators
(software only)

Rating by Area Managers
This is rated by Area Managers as having medium importance
(54.6)

Literature Review

MASA Group Limited offers two AI systems for developing
simulators for training purposes. MASA LIFE is an “Intuitive,
adaptable Artificial Intelligence middleware for unparalleled
simulated reality”, which incorporates technology developed for
multi-player online games. MASA SWORD is “Is a powerful
aggregated simulation tool automated by MASA’s cutting-edge
Artificial Intelligence technology... designed to help users in the
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military, civil security and research communities develop and
deploy complex, highly-realistic training scenarios and analysis”
Refer http://www.masagroup.net/products.html.

Zhang (2010) outlines an approach to developing an
“edutainment” package, based on a game package, for fire safety
education and to teach elementary fire-fighting skills. The target
market would be teenagers but the approach, if it comes to
fruition, may have some value in fire fighting training. The author
claims that "Game-based learning software saves costs and points
out the direction of future educational software”.

Zhu et al (2010) describe a coal mine fire simulation and virtual
reality system. The system can be used for research purposes -
simulating mine fire development scenarios, and also for training
purposes.

While not specifically focusing on fire fighting training, Tan et al
(2006) report on the benefits of virtual reality training that uses
physically large displays rather than standard desktop monitors.

Maxwel (2004) describes a PC-based prototype fire fighting
simulator, which can be controlled through a “gestural interface”.
While the described version is standalone, it was planned to
extend the system to be a scenario-driven classroom trainer.

6 Environmental Protection Technologies

Marlair et al (2004) discuss how fires affect the environment
through:

e Direct gaseous and particulate emissions to the atmosphere
(fire plume)

e Spread of atmospheric emissions

e Deposition of atmospheric emissions
e Soil contamination

e Aquifer contamination

This contamination can be due to emissions of numerous, time and
product dependant effluents from the fire itself or those associated
with the fire brigade activities that may even influence the nature
of airborne emissions.

Techniques for the
containment/removal of
fire fighting water run-off

Rating by Area Managers
This is rated by Area Managers as having low importance (27.9)

Literature Review
Pabon (2009) has explored alternative treatments of foam water

effluence collected from major fire incidents. The purpose is to
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extract the AFFF foam from the water, so that the concentrate
part can be incinerated.

Wieczorek et al (2010) evaluated the environmental impact of
automatic fire sprinklers. The fire tests were first, of an
unsprinklered fire, extinguished by manual fire service
intervention. The second test involved control via an automatic
sprinklers and ultimate extinguishment by the fire service. The
tests show clearly that environmental impacts are much lower in
the latter case, on all environmental attributes evaluated (ie
greenhouse gas emissions, fire damage, fire water runoff and
landfill aspects).

Use of low concentration
foaming agents for Class B
fires

Rating by Area Managers
This is rated by Area Managers as having low-medium importance

Literature Review

The Bio-Ex (refer http://www.bio-ex.fr/uk/) product ‘Ecopol’ is a
fluorine-free AR foam concentrate for use on hydrocarbon and
polar solvent fires. It is usable at Low, Medium and High
Expansion. "The foaming base of ECOPOL is exclusively made
from copra fatty acids, a natural re-growing resource”. It is
claimed to be biodegradable and "not expected to be toxic at a
rate of dilution of 600 ppm).”

Schaefer (2010) discusses an ARFF technical evaluation of
synthetic foam technology that does not contain flurochemicals.
Solberg Re-Healing foam RF3 (3%) and RF6 (6%) foam
concentrates were found to perform best on aviation kerosene.

Solberg Foam (2011) make a range of foam products:

“"RE-HEALING FOAM™ products, manufactured at our production
plant near Bergen in Norway are formulated using a new High
Performance Synthetic Foam technology to replace the classic
AFFF and AFFF/ATC foam concentrates and even older Fluor-
Protein foams. The product is claimed to be “maximum protection
to the environment as possible”. It is claimed to “improve
extinguishment” of deep-seated “Class A" fires such as
hydrocarbon fires and that "Most commonly available foam
aspirating equipment as well as non aspirating equipment,
including standard sprinkler heads, can be used to obtain
maximum results”.

Solberg Foam’s website is
http://www.solbergfoams.com/index.php?option=com frontpage&
Itemid=1

Cortina (2008) presents a non-technical review of the
environmental impacts of fire fighting foams. The author notes
that all foams have environmental impacts:

“"There are several types of fire fighting foams available including:
Aqueous Film Forming Foam (AFFF); Alcohol-Resistant AFFF;
Protein Foams,; Alcohol Resistant Protein Foams,; Fluoroprotein
Foams; Class A Foams; Medium and High Expansion Foams;
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Wetting Agents,; Training Foams; and others.”
Aquatic toxicity tests showed that:

“"Fluorinated surfactants are persistent chemicals that have come
under increased scrutiny in recent years as a result of the
perfluorooctyl sulfonate (PFOS) issue. This scrutiny has
encouraged some manufacturers to supplement their range of
foams to provide fluorine free products under the descriptive title
of environmentally friendly alternatives to AFFF. But it is
important to acknowledge that just because a foam agent does
not contain fluorine; it is not necessarily safer for the
environment, as illustrated by the higher aquatic toxicity of non-
fluorinated foams as compared to AFFF.”

Cortina (2010) again warns against the notion that fire fighting
foams can be truly “eco-friendly”. He observers there is a trade-
off between the environmental contamination from the foam, and
from run-off from the fire ground; the author claims fluorine free
foams mean "three times as much run-off to clean up”, and that
AFFF foams can be used by a wider range of equipment and that
fire-fighters can be further from the fire when using them. AFFF
foams are much safer for the environment than the older
generation PFC foams such as PFOS. However, Cortina is
Executive Director of the Fire Fighting Foam Coalition
http://www.fffc.org/ so is not a disinterested researcher. This
trade association lobbies in support of AFFF foams but has
member that includes manufactures of fluorine-free products.

Williams et al (2011) report extinguishment and burnback tests of
AFFF and fluorine-free fire fighting foams, using the “MilSpec”
qualification test. The fluorine-free foam tested (Solberg RF6)
took 60% and 70% longer to extinguish the test gasoline fire than
the two AFFF foams it was tested against, but was only slightly
over meeting the MilSpec time (35 seconds rather than 30).

“FireAde 2000” is a fluorine-free agent that can be used as a
wetting agent or foam, and is claimed to be suited to fighting both
Class A and Class B fires. It is claimed to have "No adverse impact
on the environment”. Refer:
http://fireade.com/products/view/FireAde2000

Tests on the product are reported in Schaefer (2010).

In response to these claims by manufacturers and industry
lobbyists, the UK Civil Aviation Authority is introducing an
objective Environmental Impact System for rating fire fighting
foams, based on standardised, replicable tests (Klein 2011).
Foams will be rated by “Acute Aquatic Toxicity”, and by “Chronic
effects (Persistence, Bioaccumulation, Toxicity (PBT))”. The author
notes that AFFF-type concentrates have breakdown products that
are “exceedingly environmentally persistent”, but have acute
toxicity that is less than Class A foams and fluorine-free Class B
foams. However, he notes the greater toxicity of Class A and
fluorine-free Class B foams should not be exaggerated “as done
by some in the industry”.
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Klein (2009) discusses the use of “training” foams that are
fluorine-free but not as effective as operational AFFF foams, but
avoid “unnecessary” environmental contamination during training.

Use of low concentration
foaming agents for Class A
fires

Rating by Area Managers
This is rated by Area Managers as having low importance (27.1)

Literature Review

While it is sometimes contended that Class A foams have little or
no environmental impact beyond possible foaming in waterways,
(eg Carringer (2009), Brooks (2010)), Kalabokidis (2000) has
questioned this belief, but, in his study of the effects of fire
fighting chemicals used for wildfire suppression, the main threats
are from fire retardant chemicals, not fire fighting foams.

However, Cavette (2008) observes that the concentration needed
by Class A foam agents has reduced from 1% to as low as 0.1%;
one effect of this is that appliances can now deliver much more
finished foam.

Bio-Ex (refer http://www.bio-ex.fr/uk/) manufacture a range of
fire fighting chemicals. The company’s ‘Bio For C' and “Bio for N”
wetting and foaming additives for Class A fires (and hydrocarbon
fires) are both fluorine-free are used at low concentration (wetting
effect 0.1-0.3%, foaming effect 0.3-0.5%). They are claimed to
be biodegradable and not be toxic at 120 ppm (‘Bio For C’) and
240 ppm (*Bio for N’).

Chemguard’s Class A foam products are used at similar
concentrations and claimed to be environmentally safe:
http://www.chemguard.com/fire-suppression/catalog/foam-
concentrates/class-a-foam/

5.4

ASSESS NEW TECHNOLOGIES IN TERMS OF POTENTIAL
COST EFFECTIVENESS USING AN EVALUATION MATRIX

We have used an evaluation matrix to identify of a set of new
technologies for the NZFS which are beyond the scope of this
project, could usefully proceed to further evaluation. This future,
more detailed, evaluation should include financial and economic
benefit-cost analyses and a detailed assessment of operational
implications.

This evaluation matrix indicates potential cost effectiveness in
which the performance of each technology will be rated in terms of
quantitative and qualitative performance criteria, and in terms of
likely cost to develop and implement the technology.

Our evaluation matrix approach is based on of that used by the NZ
Fire Service in evaluating projects, including those involving
investments in new technology, as part of preparing business
cases. Our approach is necessarily streamlined, due to the range
of technologies we consider.
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We have distilled five attributes for use in the evaluation matrix.
These are listed below, along with the rationale for their selection:

Earlier intervention in the fire growth curve and better
containment: Source for this attribute is the "Impacts” level of
the “Commission intervention logic for its outputs and their
expected impacts” set out in National Fire Risk Management
Plan 2010.

More appropriate resources deployed to fire and non-fire
emergencies: Same source as above.

Stage of Development ie the current level of development of
the technology.

Potential to achieve a net annual cost reduction for NZFS

Potential to achieve national economic net benefits: Some
technology investments may be economically and socially
justified by their discounted flow of benefits to the nation (ie
lives and property saved, and injuries prevented) outweighing
their resource costs. However, such investments may not
necessarily save the Fire Service money. We presume the issue
of how such investments could be funded would be left to a
later stage of investigations.

The level of achievement of each attribute by each technology is
summarised by/represented by a six point scale, ie the digits 0 - 5;
Short description of each attribute level were prepared; these are
set out in Table 5.1 below:

We then take the average of the five individual attribute scores as a
summary score, and use this to prioritise the technologies for
further investigation.
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PRIORITISING OF TECHNOLOGIES

We have taken two approaches to prioritising the fire technologies.
First, we rank them using the index derived from the survey of Fire
Service Area Managers (Table 5.2) and, second, we rank them
using the average score from the evaluation matrix (Table 5.3)

Table 5.1 Attributes Used in Evaluation Matrix

Attribute |Score

Description

A WNHEO

5

Earlier intervention in the fire growth curve and better containment

No performance improvement

Potential for only marginal performance improvement
Potential for minor performance improvement
Potential for some performance improvement
Potential for significant performance improvement
Potential for major performance improvement

o

AWNR

5

More appropriate resources deployed to fire and non-fire emergencies

No performance improvement

Potential for only marginal performance improvement
Potential for minor performance improvement
Potential for some performance improvement
Potential for significant performance improvement
Potential for major performance improvement

0

u b~ WN =

Stage of Development

Theoretical stage of research only

Laboratory testing/experiment underway

Early prototyping but significant r & d still required

Late prototyping, most technical challenges overcome

Available but requires implementation of supporting technologies (eg "LTE" networks)
Available and could in principle be implemented

ua b~ WNHHO

Potential to achieve net annual cost reduction for NZFS

Could increase annual costs for NZFS

Likely to be cost-neutral or only marginal savings
Potential for minor cost savings

Potential for some cost savings

Potential for significant cost savings

Potential for major cost savings

A WNRERO

5

Potential to achieve national economic net benefits

Likely to have national net cost

Likely to have cost-benefit ratio of around 1
Potential for minor national net benefits
Potential for some national net benefit
Potential for significant national net benefits
Potential for major national net benefits
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Table 5.2: Prioritising of Fire Services Operational Technologies using Survey of Area Managers: Ranked 1-25
More
Earlier appropriate
intervention resources Potential to Potential to
in the fire deployed to achieve net achieve Area Rank Under
growth curve fire and non- annual cost national Manager's Area
and better fire Stage of reduction for economic net Survey Managers

Technology containment emergencies Development NZFS benefits Index Survey Index
Reduce false alarms by encouraging building owners to modernise fire alarm systems n/a n/a 5 5 5 124.6 1
Vehicle-based Incident Information Display via IP network 5 5 4 3 5 113.3 2
Technologies to maximise flexibility in training time/place. 5 5 5 3 4 112.4 3
Technologies to maximise flexibility in training and learning style (visual, auditory, kinaesthetic) 3 3 4 3 4 105.5 4
Innovative live fire simulators 5 n/a 4 2 3 94.5 5
Integrated building management systems with