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This tesearch determined, under New Zealand operational conditions, the physiological
workload of some rural firefighting tasks. At the same time, the research measured fire
suppression productivity under real operational conditions. The project necessitated the
development of a novel suite of data collection equipment worn by the firefighter to record
visual, physiological and geographical information relevant to firefighting.

Results from the research indicate that rural fire suppression (and ignition) tasks are indeed
physically demanding. Average heart rates in excess of 120 beats per minute were recorded
in most tasks (water and hand tool mop up). Periods of extremely heavy workload with
heart rates above 150 beats per minute were experienced in all tasks.

An unanticipated benefit of intensive data collection from wearable devices at fires was that
it provides excellent training material. In addition, a method was developed using Google
Earth, to present the path of the firefighter in a 3D terrain model. This allows for a much
greater understanding of physical environment in which fire are fought in New Zealand.

Now that the data collection ensemble is mature the emphasis will be on enlarging the data
set with data collection at training and more real fires.
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1. Introduction

This research project aimed to improve the health and safety of rural
firefighters by determining, under New Zealand operational conditions, the
physiological workload of firefighting tasks. At the same time, the research
measured fire suppression productivity under real fire conditions. The project
necessitated the development of a novel suite of data collection equipment
worn by the firefighter to record visual, physiological and geographical
information relevant to firefighting. Results from the research quantify
firefighter physical workload and fire suppression productivity under real fire
conditions.

Project Aims

This research project utilises a newly-developed research methodology to
measure workload and productivity of New Zealand firefighters under real fire
fighting conditions. Rural firefighting is a hazardous and physically
demanding task requiring a high level of fitness for productive front line
operations. Firefighters often endure high levels of heat, are exposed to
excessive smoke and dust, carry heavy equipment over often difficult terrain,
and are expected to work at a high physiological load for extended periods.
The aim of the proposed research programme is to improve the health and
safety of rural firefighters by determining, under New Zealand operational
conditions, the physiological workload associated with rural firefighting tasks
and to relate this to their actual fire suppression productivity.

This research will complement related national and international research but,
importantly, provide information on workload associated with uniquely New
Zealand conditions. This specifically relates to the firefighting equipment,
suppression techniques, fuel types and environmental conditions found in
New Zealand.



Project Objectives
1. Measure the actual physiological workload and productivity associated
with rural firefighting tasks under New Zealand conditions at real fires.
2. Relate measured workload and productivity for firefighting tasks to
fitness and productivity requirements.
3. Provide input to guidelines for fatigue recommendations and
productivity standards.

2. Literature review

Executive Summary of the review

The principles of physiological testing have been well established for a
number of decades. The methods have been predominantly developed for
controlled laboratory conditions with simulated tasks, but some more robust
field equipment ensembles have also evolved, with affordable versions of
heart rate monitors for example now widely available.

Similarly, proven task analysis methods have been used within relevant
sectors for many years; but again, generally with a researcher present to
observe, record and ensure proper functioning of any equipment.

A limitation of field data collection systems for rural fighting studies however,
is that due to the number of continuous hours of the operations, they require
longlife power sources and data capture/logging capability. Monitoring
systems also cannot be supported in the field by scientists or technicians
unless these people are adequately trained so as not to impede the crew or
compromise safety. The equipment also needs to function adequately in the
presence of extreme heat, moisture and dust.

These factors in combination have resulted in a paucity of both physiological
performance and task analysis data from operationally-based studies. We do
not have enough objectively-derived understanding about physiological
characteristics under real firefighting conditions, and we have no evidence
base at all regarding how physiological performance is linked to specific tasks,
or real-time specific operational scenarios. The ability to predict patterns of
fatigue and performance decrement are therefore very limited. Case studies
— widely regarded as an invaluable training resource, are therefore limited to
subjective accounts of the human responses involved. The forensic
psychology literature on the unreliability of eye-witness accounts following
high-stress episodes is extensive and conclusive. No matter how honestly the
subjects try to recount accurately, subjective data is therefore not going to be
reliable or comprehensive enough. Objective data is essential.

The inability of firefighters in action to communicate interactively with remote
supervisors with a better overview of the operation has also been linked to
poor decision-making resulting in fatalities and some developments have
been pursued to address this.



The literature provides broad support for the methods proposed for the field
component of this research. It also indicates potential for an extension of the
techniques suggested, at this or a later stage. The inclusion of recorded crew
audio transmissions as an additional channel would lock in real time
supervisory interactions and extend the analysis further beyond the individual
into the wider work system.

This literature review aimed to identify relevant overseas and New Zealand
studies on the measurement of physiological workload and performance
amongst rural firefighters and other allied occupations - such as military and
forestry sectors

The literature review material was drawn from searches of the following
sources:
e Ergonomics Abstracts
Web of Science
Google Scholar
Author-specific: for example, Heil, D., Gaskill, S., Sharkey, B., Ruby, B.
Journal-specific searches: International Journal of Wildland Fire,,
Applied Ergonomics, Engineering in Medicine and Biology Magazine,
Ergonomics
e Organisations
o USDA Forest Service Technology and Development Centers,
Missoula, Montana & San Dimas, California
o US Army
= US Army RD&E Center, Natick. Future Force Warrior
program. http://ffw.natick.army.mil/index.htm
=  Warfighter Physiological Status Monitoring (WPSM), from
http://www.usariem.army.mil/wpsm/index.html
= Performance Measurement
(http://lwww.army.mil/escc/pfm/index.htm)
» Physiological Monitoring and Predictive Modeling, from
http://www.momrp.org/physio_index.html
o Noldus (Netherlands)

Keywords and phrases used in the database search were: physiological
workload, physiology, measurement, physiol* measures, real-time, event
recording, wildland, firefighting, firefighter, rural fire, military, forestry, logging,
operational, emergency services, warfighter, task analysis, synchroniz(s)ed
monitoring, telemonitoring

Inclusion criteria:

e Studies describing methods that could be applied under real operating
conditions; generic studies on physiological measurement were
excluded unless they were highly significant pieces of work.

e Occupationally based studies. Sports science studies focussed on
elite performance that were not applicable to the wider working
population were excluded.

e Studies published before 1990 excluded unless highly significant
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e Data from formally peer reviewed material was assumed to be more
reliable than other sources and discussions weighted accordingly
where inconsistencies in the literature arose. Journal papers, book
chapters, conference papers, and reports from major research centres
were, in turn, assumed to be more authoritative than trade magazine
articles, newspaper items, student assignments or personal
communications on the same topics.

The following factors limited the conclusiveness of the review:

e Differences in definitions, classifications and terminology between
countries

¢ Inconsistency and gaps in the literature

e The unavailability of some relevant industry research data due to
commercial sensitivity

e Lack of critical peer-reviewed papers assessing new
monitoring/measuring equipment. Publication lag for academic papers
of two years is common, by which time manufacturers have produced
new versions of the product in question. This is particularly
problematic in fast moving markets such as software design.

2.1 Physiological monitoring

Forestry and fire occupations

Many tasks in rural fire fighting are physically demanding (Budd, 2001;
Gaskill, 2002; Heil, 2002) and result in high levels of fatigue. To date, much
research work has been carried out by Australian and North American
researchers to quantify total energy expenditure and associated fatigue
(Ruby, Scholler, & Sharkey, 2000, 2001; Ruby, Zderic, Burks, Tysk, &
Sharkey, 1999). However, there are no published reports of studies with
measured data of New Zealand rural firefighter workload and fatigue. Fire
behaviour, work practices, climate and equipment in New Zealand differ from
those in Australia, the United States and Canada.

There is however, much physiological research that has been carried out in
the New Zealand logging industry (e.g. Parker, Bentley, & Ashby, 2002;
Parker & Kirk, 1994) that is of relevance. Logging is recognised as one of the
most physically demanding of full time occupations (Gaskin, 1990; Kukkonen-
Harjula, 1984; Parker, Sullman, Kirk, & Ford, 1999) and exhibits many
parallels with fire fighting tasks. Both loggers and firefighters are exposed to
environmental weather extremes, high physiological workloads and work for
extended periods, often handling heavy tools in potentially dangerous
conditions. Measurement of overall energy usage is remarkably similar
between rural firefighters (Heil, 2002; Ruby et al., 2002) and loggers
(Kukkonen-Harjula, 1984) with both expending approximately 4700 kcal/day.



The measurement of physiological workload is necessary for the
understanding of factors which contribute to fatigue and for providing a
measure of the subsequent success of fatigue management programmes.
Physiological workload also provides a quantitative measure of the physical
requirements of a task. Then, if that task is modified the effects can be
measured in a repeatable and unambiguous way.

There are complex interactions among three factors; work practices, work
behaviour and clothing which together influence the firefighter’'s heat load and
level of fatigue (Brotherhood et al., 1997c; Budd, 2001; Budd et al., 1997c;
Gaskill, 2002). New work techniques, items of equipment and work
organisation can be tested to determine if they alter the physiological
workload of the firefighter. If a new technique, item of equipment or way or
organising work does impose a greater physiological load it will likely not be
used and further modifications and developments would be necessary for
successful introduction (Budd et al., 1997i). These tests would not be
conducted in operational settings however.

Physiological testing in urban fire has been extensive, but only in simulated
conditions. Recent non-operational studies include those by Von Heimburg,
Rasmussen, & Medbo (2006), Bruce-Low, Cotterrell, & Jones (2007) and
McLellan & Selkirk (2006). It is interesting to note that the testing in simulated
conditions is taken as the norm to the extent that in the latter paper it is not
explicitly stated in the abstract.

An ever-present limitation is the logistical difficulty, and cost, of conducting
rigorous experimentation over long and indeterminate periods without
scientific backup (Heil, 2002). The use of the doubly labelled water (DLW)
test, described by Ruby et al. (2002) as the gold standard for the
measurement of total energy expenditure in free-living individuals, for
example is far more problematic in an operational environment where
sampling by specialists cannot be as strictly controlled. For example, the use
of electronic activity monitors that can be worn on the clothing is complicated
by the need to establish validity of the algorithms through further controlled
trials (Heil, 2004) — which by definition are highly controlled simulations.

Other industries

Telemonitoring is a growing area in medical (Meystre, 2005) and particularly
military (Jovanov, O’'Donnell-Lords, Raskovic, Cox, Adhami & Andrasik, 2003)
applications. It is defined by Meystre (2005) as the use of information
technology including audio and video to monitor patient physiology at a
distance. Dating from the earliest recorded transmission of
electrocardiograms (ECGs) using telephone lines back in 1905, telemonitoring
is now well established use in the emergency services and care of the elderly,
the scope of real-time monitoring are predicted by Meystre (2005) to increase
through the use of virtual reality, immersive environments, haptic feedback
and nanotechnology.































































