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INTRODUCTION TO THE PROCEEDINGS OF THE 13TH INTERNATIONAL WILDLAND
FIRE SAFETY SUMMIT & 4TH HUMAN DIMENSIONS OF WILDLAND FIRE

Wildland fire management has risen to the forefront of land
management and now receives greater social and political
attention than ever before. As we progress through the 21st
century, these areas of attention are continually presenting
challenges never experienced before.

We may consider ourselves well positioned to move into

the future. Our knowledge of many areas of fire management
pertaining to the physical fire environment, ecological
interactions, science and technology, and management
strategies and tactics has never been greater. But, an
improved understanding of human behavior - at individual,
group and organizational levels — is vital to making fire
management safer, more active, progressive, and adaptable.
This is a far-reaching topical area that includes, but is not
limited to, firefighter and public safety, best practices in safety
training and operations, safety related research, new
approaches to safety, fire response, safety issues in
wildland urban interfaces, training, equipment and
technology, risk assessment, risk informed decision-making,
high reliability organizations, sense-making, shared
responsibility, preparedness, organizational discipline,
organizational performance, organizational breakdown,
decision making, communications, resilience, risk, decision
support, community and homeowner fire protection and
hazard mitigation, fire education, and social, economic,

and political effects of fires. Each year’s fire seasons

around the world reinforce that we have much to respond

to and to learn in these areas.

The International Association of Wildland Fire (IAWF) is
extremely proud to present the 13th Fire Safety Summit and
the 4th Human Dimensions in Wildland Fire Conferences
this year together for the first time. The IAWF recognizes
the importance for both these areas to wildland fire
management and the challenge for interested individuals

to attend two separate venues. As a result, we feel that

a combined single conference will afford the maximum
benefits of a substantially elevated conference program
during a single event.

This conference is designed to be innovative, revolutionary,
and not focused only on a single component, but rather on the
many aspects of human behavior and safety in wildland fire
management. The conference will bring together at one

SPONSORED

International

Association
of Wildland Fire

time the significant body of knowledge about these program
concerns. It will provide a forum for discussion, a stage where
workshops, oral presentations, poster paper presentations,
special sessions, workshops, and plenary presentations by
leading experts in the field can facilitate the sharing of what is
known, what needs to be learned, what lies ahead, how to
advance knowledge, and how to use this knowledge to
effectively respond to increasing concerns. During this
conference you will be able to explore ways to expand
collaborations, gain new knowledge, discuss the latest
relevant research findings, learn about and from management
treatments, engage in policy discussions, and conduct global
fire management interaction.

On behalf of the International Association of Wildland Fire, all
conference sponsors and partners, | welcome all participants
and hope that this conference will meet, and even exceed
your expectations of increasing awareness, knowledge, and
capability in this important field in addition to networking with
peers to establish future avenues of discovery. We hope that
you will enjoy attending and gain significant information from
what promises to be the most informative, enlightening, and
powerful conference to date on safety and human dimensions
in wildland fire management.

If you were not previously a member of the IAWF, you are
receiving a one-year membership in the association included
in your registration. By participating as an active IAWF
member you can help to improve communication between
firefighting organizations, enhance firefighter and public
safety, increase our understanding of wildland fire science,
and improve our ability to manage fire. Your membership in
the IAWF provides you with a connection to other wildland fire
professionals from across the world.

Our membership, which is truly international, includes
Professionals from the fields of fire ecology, suppression,
planning, contracting, fire use, research, and prescribed

fire. Our members are scientists, firefighters, mangers,
contractors, and policy makers. As an association, we are
unique in that we represent all areas of wildland fire manage-
ment.

On behalf of the Board of Directors of On behalf of the Board
of Directors of the IAWF, thank you for your support of our
Thomas Zimmerman

association.
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Historical wildfire characterization and clustering

James Gattiker®€ and Stephen Guerin®

A Los Alamos National Laboratory, Los Alamos, NM
B SimTable LLC, Santa Fe, NM, stephen@simtable.com

¢ Corresponding author E-mail: gatt@lanl.gov

Abstract:

Public outreach, planning, and training benefit from the innovative use of historical wildfire
behavior datasets and real-time interaction with wildfire models. Quantitative analysis of
historical wildfire records are used to derive empirical characterizations that can contribute to
understanding the nature of wildfire events. Similar previous fire events can be recalled during
fire situation assessment, in both training and operational modes, to provide qualitative
guidance on possible fire behaviors. In addition to representations of basic data, semi-
empirical fire progression spatial models are used to provide a continuous fire progression
conditional on historical perimeters, and then further to infer rate of spread at sites in the
domain. Analysis methods including machine learning, spatial modeling, and clustering
provide the means to recall from the historical database by example.

Additional keywords: wildfire historical analysis, wildfire quantitative analysis

Introduction

The study of wildfires and the construction of wildfire models hinges on the study of historical
datasets. The quantitative analysis of structured digital datasets can be used to construct semi-
empirical computer models, such as those used in this analysis. The goal for these systems is to
provide real-time and interactive modes of exploration of fire behavior, for training, outreach,
and wildfire event scenario analysis; that is, response and policy analysis rather than scientific
study. In modeling real fires, the fidelity and quality of available initial and boundary conditions
(for example, pre-fire fuel state and weather conditions) do not support high fidelity predictions,
and so unfolding events will be best served by leveraging simpler models that are more amenable
to tuning to empirical observations. This paper outlines SimTable's methodology for clustering
historical progression rates to partially inform the tuning of its fire simulation models.

The next section discusses basic data available for wildfires for this work, as well as some of the
possible derived datasets including imputed rate. Next, examples are given showing how these
data sources can be used to compose characteristic statistics, or fingerprints, of a wildfire. Then
we show how constructed features can be used as a quantitative distance, allowing clustering of
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similar wildfires and recall of similar wildfires from the database from a given example. We
conclude with discussion of potential and future work.

Wildfire data and derived data

In order to support wildfire historical and situation analysis, SimTable has collected a repository
of standardized datasets corresponding, currently, to fires from 2012-present (SimTable). The
information includes consistent image registered elevation, fuel type, and fire perimeters. All of
these data can be used to construct statistics that will characterize aspects of a wildfire. Examples
of these are shown in Fig. 1. Perimeters are vector representations in the KML format. Elevation
and fuel are interpolated onto a standard grid size (e.g., 512 by 512), where the grid spacing is set
at a scale so that the outer perimeter of the fire fills the frame. Thus the grid spacing varies
between fires. We have found that the perimeter data requires filtering to be sensible monotonic
progressions over time.

Fig. 1. Data related to the Silver fire. On the left is the elevation; in the center is the fuel map,
and the right panel shows the available fire perimeters, with areas color coded by the time of the
next enclosing perimeter.

Information sources that could be very useful but are not readily available include local wind
fields, precipitation fields, detailed fuel moisture, local temperature and insolation, and records
of details of interventions (the activities taken to mitigate the fire, such as brush cutting, air drops
of water and fire retardant, etc.). Finally, potentially important additional data that may not be
easily available in the standardized imagery and mapping products are the location and
significance of small bodies of water (streams, rivers) and a physical description of roads (e.g.,
width and shoulder clearing). These features may have significant effects on fires in themselves,
and in addition form natural lines of defense for interdictions. One outcome of data analysis can
be the assessment of the potential impact of additional data sources, and how they may clarify
specific questions and decisions.

From these basic data, derived data have been constructed. Applying a Sobel filter to elevation
data gives an estimate of the slope vector, as shown in Fig. 2. The slope computed is the mean
elevation change between the sites in the analysis grid, which is interpolated from available 10m
elevation datasets. Since slope is a vector quantity, two images are shown for the Northward and
Eastward components of the vector, with magnitude of the vector components in grayscale.
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These can be potentially used as a single magnitude scalar value, or combined with other (e.g.,

rate) vector quantities.

Fig. 2. Slope data for the silver fire. Show here is the magnitude of the Eastward component of
the slope vector on left, and the Northward component on the right.

The progression perimeters are the most direct observations of the fire behavior itself, although
they actually are data products estimated from the direct observations of infrared imagery. It is
highly desirable to have the progression as a time of fire arrival at each site. This is necessarily a
model-based estimate. We describe the basic model in terms of diffusion, although it is also
consistent with the concepts of kernel smoothing, for example (Diggle 1985). An observed
perimeter is laid out on a grid, matching the grid established for the fire dataset. Starting from a
current perimeter and the next future perimeter projected onto the grid, the progression diffuses
out to neighboring cells, maintaining a propagation increment for each cell, until all grid cells
between the perimeters are populated. The cell increment is then scaled to an appropriate time
value consistent with the perimeter times. This method is not expected to deliver physically
plausible fire behavior at a fine scale, but is a deterministic summary method that yields a useful
interpolation between perimeters. A fire progression using this method is shown in Error!
Reference source not found..
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Fig. 3. The fire continuous progression as interpolated by the diffusion method. Color
represents seconds after the initial progression.

Wildfire empirical characterization

Our goal is to consider the relationships between the wildfire data; to investigate whether there
are systematic patterns that can be exploited to group fires. All examples in this section continue
to use the Silver fire as an example. A summary view of fire characteristics vs. time is shown in
Fig. 4. This uses only the wildfire progression perimeters and perimeter area at observed
perimeters, rather than progression approximation. The intent here is to examine characteristics
of the area burned between perimeter observations. The top plot shows two traces. In blue are the
acres per hour burned, while orange shows the centroid velocity. Centroid velocity is the change
in location of the geometric center of the cumulative fire area, divided by the time between
increments. The right plots show proportion, of each of the top 10 fuels in the fire, burned in
each perimeter increment.

Fig. 4. Silver fire characterization plot, by observed perimeter increment. The x-axis in all panels
is days into the fire. The left plot shows two traces; blue is the acres per hour burned, while
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brown shows centroid velocity. The right plots show proportion of each of the top 10 fuels
burned at each perimeter increment.
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This plot shows three main things. First, the fire has three distinct phases of growth separated by
relatively quiescent periods. Second, the fire is dominated by fuel types 6, 9, and 11. Fuels are
the 13 fuel model of Anderson and Albini, but could equally well be the Scot and Burgan 40
Fuel Model (Scott and Burgan 2005). Although the composition of fuels changes through the
fire, the fuel in this fire does not appear correlated with the fire time or rate. Third, there is a very
strong correlation between fire spread, and the centroid velocity. This shows that the fire spread
rate is not random with respect to the fire’s location, but rather the spread changes the location
very predictably. This suggests that the fire’s progression is driven not as a general spread, but
rather guided by some boundary condition. We have (qualitatively) eliminated fuel as the driver
of this bias, and there is not significant consistent elevation increase in the direction of the
centroid movement, leaving likely candidates of elevation change, or wind.

As an additional validation, the fire centroid movement is shown in Fig. 5. It is clear that, after
the initial outbreak, the fire was systematically driven toward the North and Northwest.
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Fig. 5. Silver fire centroid movement. The color per perimeter index changes from red to blue
over the wildfire perimeter times.

lat

More detailed information is desired for rate, but inducing a rate at each site has considerations
that should be noted. Fire physical spread is a complex process of ignition of fuel elements,
burning of those elements, and consequent ignition of neighboring fuel elements. Analysis
supported by models that can represent this sort of behavior accurately is a research issue in
high-performance computation. Pragmatically, fire propagation is often conceived of in terms of
emergent features: the fire front, the direction of travel of the front, and a continuous concept of
fire spread. We pursue modeling consistent with this level of analysis, which is how we define
semi-empirical models: non-physically based models of emergent properties that can be
constrained to fit observations. The diffusion fill is a good method for visualization of fire
progression, and can be used further for the derivation of fire rate information, recognizing the
limitations of this model. The diffusion model produces a fire arrival time at each site in the
analysis domain, but this does not directly yield rate of spread. After much reflection on the
proper use of the semi-empirical diffusion model and its results, and analysis of alternative
formulations, we have arrived at method for calculating rate of spread at each site according to
these principles: 1) The vector direction of the fire front is that of the gradient of the arrival time
estimated by the diffusion model, and 2) The magnitude of the front rate vector is the inverse of
the arrival time gradient vector magnitude. These quantities are estimated with a Sobel method
for approximating the gradient in a discrete field, which is equivalent to a best linear model
(plane) fit applied at each 3x3 neighborhood.

We now consider the more detailed progression data that is available using the semi-empirical
fire model. With this fully resolved fire progression, we have time, rate, slope magnitude, and
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fuel for each element of the fire representation grid. This can be put on a single 3D plot where
fuel is coded by color, but that presentation is difficult to assess in a static format. Instead, we
will first examine the plots of time by rate by fuel, shown in Fig. 6. Log rate is shown to better
reveal the body of the profiles. These plots are capped at 10,000 data points per panel (although
many fewer exist for some fuels) for greater clarity in the plots, with the drawback that the
absolute amounts of the main fuel types are obscured. Fig. 6 also shows a visualization of this
data, by accumulating the data into an image grid (50x50 in this case), which reduces the
resolution of the plotted data points on the x-y axes, but with the advantage that the number of
data instances is made more clear by encoding in the grayscale.

Fig. 6. Left: Plots by fuel type in the Silver fire of time vs. log rate. Right: Plots by fuel type in
the Silver fire of time vs. count of log(rate). Note that each frame is normalized so that
maximum brightness is achieved in each plot, otherwise the minor fuels would not be visible.
The value in each panel title expresses the scale of the normalized grayscale.

fuel 2 (intensity ~ 3x) fuel 3 (intensity ~ 2x) fuel 5 (i ~ 3X) fuel 6 (i ity ~ 3x)

fuel 7 (intensity ~ 10x)  fuel 9 (intensity ~ 1x)  fuel 10 (i ity ~ 2x)  fuel 11 (i

Continuing the discussion above, we still clearly see the three main phases of the fire. Also, the
fuel types do not explain differences in fire over time, or in fire rate. The change over time of
minor fuels is not explanatory.

As another view of this data, we can examine the relationship between the time, the log rate, and
the slope, by separating the slope into 9 groups of equal population. This is shown in Fig. 7. This
again shows only the profile of the three major phases of the Silver fire. Recall the discussion
above suggested that the fire is driven in a biased way, suggesting a biased boundary condition.
These plots show no strong correlation discernible between slope and rate or time. The
remaining major alternative is that the critical boundary condition explaining the fire migration
(and perhaps the fire phases) is wind. As discussed, at this time the wind data is not available in
this dataset.
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Fig. 7. Plots by slope range in the Silver fire of time vs. log rate.
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Fire data clustering

We will focus on the wildfires from 2013. Given the several available quantities shows above,
we will now demonstrate how a summary fingerprint measures can characterize a wildfire
example, and can be used to compare examples. Clustering of wildfire related data has been
examined before, for example the evaluation of measures of wildfire severity connecting with
satellite examination of burn scars (Holden and Evans 2010). Clean and sufficient data is
available for 50 fires considering rate and fuel. The lower limits of data requirements have not
been systematically evaluated, but rules of thumb have been applied, and a dataset of 50
examples is sufficient for investigation. As mentioned above, this data cleaning removes fires
that have a small number of observed perimeters (suggesting short duration) or perimeters that
are problematic for quantitative treatment (resulting in a large proportion of outlier values in
progression rate). Of the full 2013 dataset of 185 fires the 50 remaining are shown in Error! Not a
valid bookmark self-reference..
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Fig. 8. Names and designation of the 50 fires used in this analysis.

1 AZ-KNF-HT4H mud

2 AZ-SCA-HJ22 fourmile

3 AZ-SCA-HKZ2E creek

4 CA-ANF-HH9J powerhouse

5 CA-BTU-HES]J panther

6 CA-KNF-HS98 salmon river complex
7 CA-RRU-HQOT mountain

8 CA-SNF-HR6W aspen

9 CA-SRF-HS91 butler

10 CA-SRF-HU49 corral complex

11 CA-STF-HV2F rim

12 CA-TNF-HU11 american

13 CA-VNC-HE9W springs

14 CO-SJF-HKXS5 west fork complex
15 ID-BOD-HUJ6 pony complex

16 ID-BOF-HULO elk

17 ID-NPF-000347 california point

18 ID-PAF-HRTS thunder city

19 ID-PAF-HX4J weiser complex
20 ID-SCF-HP5V papoose

21 ID-SCF-HRT7 lodgepole

22 ID-STF-HVIT little queens

23 ID-STF-HXMG6 kelley

24 ID-TFD-HUBS8 mccan

25 MT-BRF-HR1U gold pan

26 MT-GNF-HVZ4 miner paradise
complex

27 MT-LCF-HRP6 red shale

28 MT-LNF-HQUS west mullan
29 MT-SWS-HV9IJ lolo creek complex
30 NM-GNF-HJ20 silver

31 NM-N4S-HHO9A tres lagunas

32 NM-SNF-HH96 thompson ridge
33 NM-SNF-HJ7C jaroso

34 NM-SNF-HJC4 thompson ridge

35 NV-EKD-HV00 red cow

36 NV-ELD-HM1P black

37 NV-HTF-HM7D carpenter 1

38 NV-WNA-HNV1 bison

39 OR-712S-HSOE big windy complex
40 OR-73S-HSGY douglas complex

41 OR-954S-HV1Q government flats
complex

42 OR-BUD-HU7Z lava

43 OR-UPF-HSP8 whiskey complex
44 UT-BRS-HUHS state

45 UT-SLD-HU2S patch springs

46 WA-CHLN-HSUS3 colockum tarps
47 WA-COA-HU2G westside complex
48 WA-YAA-HR71 mile marker 28
49 WY-SHF-HR4Q hardluck

50 WY-YNP-HUP6 druid complex

The statistic extracted for this discussion is the profile of count versus rate, by each fuel. A
summary plot of this data is shown in Fig. 9. The panels are again data accumulated into a
regular grid in rate, with the grid boundary values of the cube, which arguably has better
properties than a logarithmic transform, of a regular spacing in (0,1) resulting in 10 total bins.
Data exists in a long tail above 1.0 m/s; we discard this data from this analysis to favor
characterization of the body of the distribution, but analysis of tails would be another avenue to

approach such a study.
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Fig. 9. For each of 50 fires (x axis), and at a number of progression rates (y axis) the number of
instances is represented by color; for each fuel.
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Each fire then has a vector of 10 values. Using a simply Euclidean distance metric, these 50
profiles are clustered based on the data for the concatenated rate vectors. Any subset of fuels
could be the target of the clustering. The dendrogram corresponding to the distance metric is
shown in Fig. 10. Sorting based on the dendrogram ordering gives the reordered data in the right
panels of Fig. 10.

Fig. 10. Dendrogram of clustering fires based on the progression rate profile distance. The
right plots show the profiles in Fig. 9 reordered to correspond to the dendrogram.
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The distances are difficult to interpret qualitatively. For purposes of inspection, we use classical
multidimensional scaling to present the first two explanatory factors, which explain 80% of the
distance relationship between the fire data. Figure 11 shows the 50 fires plotted in the first two
factors. The most important aspect to note is that there are very distinct clusters in the measures

10



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

presented, which are both similar within cluster and distinct from other examples/clusters. In
addition, there are examples (wildfire summary data vectors in rate vs. fuel) that are not similar
to any other fires, consistent with the right side of the dendrogram distance summary. Expanding
a view of one cluster, the right panel of Fig. 11 shows the leftmost group.

Fig. 11. The data plotted in the first two factors of classical multidimensional scaling, showing a
representation of the spatial clusters. The left panel shows all fires, the right panel is expanded
to show the leftmost cluster (axes share a common scale), along with fire dataset number.
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This validates the goal of finding similar wildfire examples in history. If, for example, we are
interested in fires similar to the Silver fire, fire 30 shown in red, we can easily see in quantitative
distance that the closest fires are: (37) carpenter 1, (6) salmon river complex, and (12) american.
These are not the closest in the plots because of the additional 20% of distance not present in the
two factor summary, but even so they can be seen to be very similar, and within a characteristic
group. These are the leftmost examples in the dendrogram in Figure 10.

Whether this particular feature set and corresponding distances are reasonable for a particular
purpose is very dependent on context. The features in the example presented obviously encode
information about relative presence of fuels and rates of spread, over relative fire progression
time. One can imagine a situation where these features are relevant as in a training or outreach
scenario where the fire location and general scenario is specified, which will specify the fuels
and a general concept of progression. The similar wildfires in the database will then be available
for construction of detailed scenarios that are consistent with, but not identical to, historical
examples.

Discussion and conclusion

The indications from this data analysis are that wildfire data summaries show significant features
of interest. Using data directly available, plus the addition of an approximation to fire arrival

1"



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

time and rate of spread, we can see a significant clustering in the fires using a metric based on
rate, fire time, and fuel type.

There is an inherent high uncertainty in many aspects of wildfire assessment and projection due
to inherent limitations in dataset detail (e.g., relevant meteorology at tens of meters) and in the
limitations of phenomenological models suitable for fast user interaction. When using wildfire
models, the historical data are a potential resource for tuning model parameters and analyzing the
limits of model predictions.

In the mining of historical wildfire datasets, the result overall is that there are distinct patterns
that have the potential for query-by-example, that may be useful for training, outreach, and in
evaluating strategies in an unfolding situation. Next steps are to focus on the construction of a
suite of possible relevant metrics, and then to present to use of these metrics to experienced
wildfire responders to determine which of these produce the most interesting and useful results.
We continue to evaluate additional data sources as potential elements of wildfire fingerprints.
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Abstract

Individual perceptions of wildfire can differ substantially from one person to another and from
the reality of wildfire risk. This variability in wildfire risk perception can result in inconsistent
responses to wildfire mitigation at the individual and community level. Although several
studies in wildfire risk perception have found that subjective risk is shaped by both personal
and social considerations, exploring various undiscovered key factors is necessary for
identifying a reliable formation of risk perception in a multistage process. In this study, we
examined the interconnection between private property owners and social-contextual
characteristics related to wildfire risks, such as views of nature, place-based influence, and
vulnerability. Using a mail survey, the findings show that risk perception for wildfire is
formed at the individual level as guided by psychological factors, however, it is substantially
influenced by social context. With a better understanding of those influences, communication
efforts to promote wildfire protection can significantly strengthen community engagement in
wildfire management.

Additional keywords: vulnerability, place-based influence, social context, Cultural Theory,
multilevel analysis, survey study

Introduction

The need to protect lives and property in the expanding wildland-urban interface (WUI) across
western North America increases the pressure to reduce risks of wildfires. As the threat of
wildfires continues to rise, state and federal agencies and local fire departments are challenged to
establish a risk-reduction program for local areas that incorporates individual landowner
decisions and/or collective action within the community. A community’s perception of exposure
to wildfire risk plays a significant role in a landowner's decisions to protect private property.
However, for community members to be mobilized against wildfire hazards, they must first
acknowledge that a risk exists. We explore the link between landowners’ perception of risk and
scientifically quantified wildfire risks that vary across hazard zones in communities in three
states (Arizona, California, and New Mexico). Spatially stratified random sampling was applied
based on respondents’ hazard zones and proximity to the WUI to ensure a consistently
representative sample of perceived risk relative to objective risk over the study area. By utilizing
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a multilevel response model from community public opinion surveys, combined with remote
sensing and parcel data indicating areas of potential wildfire risk, we investigated the
relationship between the patterns of risk perception and individually perceived wildfire risks at
multiple scales. Results suggest that perceptions of residents in wildfire zones were aligned with
the actual fire danger. However, the respondents in at-risk areas tend to be more optimistic about
their situation when compared to the general population. Not surprisingly, the more
conscientious respondents are about protecting their properties; the more likely they are to
perceive a higher level of risk.

Wildfire risk perceptions

The study of wildfire risk perception is not new; however, the study of its determinants and its
links to homeowners’ decisions to mitigate risks is a relatively recent and critical aspect of this
field. McCaffrey (2008) observed: ‘By reflecting the spatial dynamic of risk perception, research
has shown that homeowners tend to assess the risk of wildfire for the general area as higher than
that for their individual homes.” Objective risk of a potential disaster is calculated as a function
of probability and magnitude of loss from a disaster, whereas individual perception of risk,
known as subjective risk, focuses on understanding and direct experience on an individual level.
Social-psychological variables such as personal values, spiritual beliefs, and worldviews
influence individuals’ risk perception from natural disasters (Slimak and Dietz 2006). The
assessment of individual perceived risk also accounts for attitude, sensitivity to risk (Sjoberg
2000), and a feeling of control over the situation (Rachman 1990). In addition, when disastrous
events occur frequently, individuals are more likely to underestimate the associated risks, while
the dramatic character of striking and rare events tends to cause an opposite response
(Lichtenstein et al. 1978). Differences in individual assessments and responses to risks can
become a challenge to local fire authorities as they attempt to communicate risk.

We studied the relationship between the perception and scientific measurement (e.g., fire
occurrence, severity) of wildfire risk. This insight is essential as wildfires have become more
frequent and devastating with the expansion of the interface between urban and rural areas.
However, people living in the WUI do not always respond appropriately to an increase in public
communication regarding wildfire safety. Every fire season, federal agencies are confronted with
protecting the millions of acres in public ownership from wildfires. Public land managers are
well aware of the dangers and have strongly encouraged methods of mitigating the damage. Yet
some residents of WUI areas refuse to believe that wildfire could actually cause damage to their
properties (Steelman 2008). Risk tolerance, or the trade-off between facing risk from wildfire
and benefit of living in the forest, is taken into personal considerations in responding to wildfire
(Daniel et al. 2007). Moreover, the recent occurrence of a wildfire tends to foster the belief that
another fire in the same general location is less likely to occur in the near future (Cohn et al.
2008).

The disconnection between risk perceptions and degree of exposure to wildfire has increased the
need for more extensive wildfire research and the study of its relationship to psychological
factors. The psychological phenomenon of a mismatch between objective and subjective risk is
often referred to as unrealistic optimism, and is encountered in a wide range of situations beyond
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natural hazard risk (Sjoberg 2000). Therefore, unduly optimistic risk judgments for residents in
wildfire zones are to be expected (Kumagai ef al. 2004). Indeed, researchers have discovered
inconsistent positive relationships between risk perceptions and exposure to wildfire risk
(McCaffrey 2004; Arvai et al. 2006; Martin et al. 2009; McGee et al. 2009). Recent research has
found that community involvement is related to perceived risk and consequences of a past
wildfire (Brenkert-Smith ez al. 2013), but not always (Hall and Slothower 2009). For example,
homeowners perceive the danger from fires as higher when they believe their neighbor’s
properties to be overrun with dense vegetation. Thus, the psychological variables related to
wildfire are important to address in order to determine how individuals perceive the risk of
wildfires.

Sociocultural constructions of risk perceptions

Extensive research on risk perception has found that responses to fire threat are shaped by a
number of social and cultural processes. Cultural Theory (CT) explores the sociological aspects
of risk. Individuals' risk perception is said to be rooted in their interpersonal relationships and
‘ways of life’ — their values, beliefs, and preferences (Sjoberg 2000). For example, one's
perception of wildfire risk may be associated with whether one believes nature to be benign or
capricious, a core distinction in CT. Four categories of risk perception have been identified
through CT: nature capricious (fatalist), nature perverse/tolerant (hierarchist), nature ephemeral
(egalitarian), and nature benign (individualist) (Schwarz and Thompson 1990). Although the use
of CT in the wildfire context is limited, research concerning environmental risk perception has
shown important concepts that are similar to basic tenants of this theory (Steg and Sievers 2000;
Lima and Castro 2005; Tikir and Lehmann 2011). CT states that individuals adhering to the
nature ephemeral (egalitarian) view have the greatest tendency to attempt to preserve the
environment. Those who hold the nature benign (individualists) view believe that nature is
always in balance, and technology is the only solution for environmental problems. However,
individuals who hold the nature capricious (fatalist) view believe that risk is unpredictable, as is
nature, and the quantity of resources is limited. The nature perverse/tolerant (hierarchist) group
prefers to rely on experts’ opinions about hazards of nature. Thus, understanding aspects of CT,
such as individuals' primary values as they relate to perceptions of nature, could yield a deeper
understanding of perceptions of wildfire risk. [Note that the term ‘views of nature’ will be used
through the rest of this study referring to this perception. ]

The role of place-based influence transcends simple location; rather ‘place’ has a social meaning
for risk perception. Brenkert—Smith ez al. (2006) found that attachment to place (or place-based
influence) shapes the decision-making process when individuals choose whether to participate in
a wildfire risk reduction plan. The emotional attachments and environmental conditions related
to place may influence perceptions of how much would be lost in the event of wildfire, but may
also increase reluctance to change environmental conditions associated with sense of place.
Residents with strong feelings of attachment to their place tend to be the most inclined to engage
in mitigating wildfire to protect their properties (Kyle ef al. 2010). Gordon et al. (2013) showed
that risk perception is influenced by the disruption of a shared place-based influence in which the
changing social and environmental conditions affect residents’ attitudes about potential disasters
and subsequent mitigation behaviors. However, the reality of hazard exposure could be biased by
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knowledge and memory about places. For example, in Australia, the memory of one’s place
appears to play an important part in one’s tendency to underestimate the risks and ignore fire
safety measures (Reid and Beilin 2014).

Research also has found that social and geographical vulnerability affect local residents’
perception about the risks of wildfires. (Wisner et al. 2004) define social vulnerability and
biophysical hazards as key components that indicate a risk of impending environmental disaster.
Social vulnerability is an understanding as being:

“...essentially about the human ecology of endangerment...and is embedded in the social
geography of settlements and lands uses, and the space of distribution of influence in
communities and political organization’ (Hewitt 2014).

In general, social vulnerability has placed attention on the role of socioeconomic factors such as
income and poverty levels in the capability to recover and in the ability to access resources for
mitigating hazards. Low-income and part-time residents are among the most vulnerable groups
to wildfire exposure as the high implementation costs and marginal income critically limit their
capabilities to protect themselves from hazards (Collins and Bolin 2009). From a geographical
perspective, hazard vulnerability rests on the human-biophysical relationships in which people’s
susceptibility to harm and loss influences their capacity to prepare for, respond to, and recover
from hazard events (Wisner et al. 2004). As such, in local areas with rapidly changing socio-
demographic characteristics, residents tend to have conflicts with believing in the threat of
hazards and the pleas of fire managers (Gordon ef al. 2010).

Model specification

In this study, we explored how the predictability of factors indicating hazard vulnerability from
wildfire would influence an individual’s perception of wildfire. We examined risk perception
related to wildfires within complex social and environmental contexts. Our conceptual
framework (Fig.1) illustrates the hierarchical connection of factors that influence individual
wildfire risk perception.
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Fig.1. The conceptual framework of this study illustrates a property owner’s risk perception of
wildfire. The multilevel nature of wildfire risk perception is inherent in individual experience
and psychological processes (small scale) and factors particular to the neighborhood and
community (larger scale). A feedback loop presents itself as social factors influence an
individual’s viewpoints and sense of place, leading to decisions about whether and how to
prepare for wildfire which, in turn, affect the neighborhood’s vulnerability.
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To test the framework we used multilevel modeling (MLM). The purpose of MLM in risk
research is to integrate individual and aggregate samples of risk perception for analysis. Because
the connection is inherently hierarchical, in theory, incorporating multiple levels of influential
components into the study can improve the explanation of both individual mitigation behaviors
and the societal-environmental reaction to them. We assume that although individuals responded
to our survey independently, each one shares similar common social and environmental settings,
which may result in similar perceptions among those living in the same communities. In order
for community members to mobilize against wildfire hazards, they must acknowledge that this
risk exists. We focused on identifying both individual characteristics and contextual factors that
help explain variations in perceptions of wildfire in various spatial domains. Specifically, we
investigated whether a WUI resident’s likelihood of acknowledging the existence of wildfire risk
varied across communities. Then, we investigated how community-level factors help explain
variability in individual-level perceptions. Thus, MLM allows us to consider higher (community-
level) factors to explain lower (individual-level) proposition without committing ecological
errors about data structure (Snijders and Bosker 1999). This study employed a two-level model:
individual-level and community-level (in three different states).
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Hypotheses
This study tested the following four hypotheses:

HI: Individuals perceive their homes or neighborhoods to be at a lower risk than those in broader
areas, such as the county, region, or state.

H2: There are two aspects to the variations of wildfire risk perception: among individuals and
among communities. People who live in the same community tend to have similar perceptions
about wildfire hazards and are more homogenous in terms of perception. Therefore, people
living in different communities are likely to have more heterogeneous perceptions about
wildfire risk to their communities.

H3: Individual perception of the threat of wildfires is influenced by worldview and level of
preparedness to protect a property. After controlling for socio-demographic characteristics
(age, income, education, length of residence), the greater a person’s aversion to risk (i.e.,
having an ephemeral worldview), the higher is the likelihood he or she will perceive wildfire
as a risk. The degree of preparedness for protecting properties is positively related to risk
perception. Similarly, the perceiving risk factors for wildfires caused by human activities are
positive to risk perception.

H4: Community wildfire risk perceptions on average are influenced by the community’s general
geographic characteristics and social vulnerability factors such as housing density in the WUI,
scientifically measured wildfire risk, and poverty level. Wide spacing of houses in a
community leads to a lower perceived risk from wildfires. The negative relationship between
perception and scientific measurement is expected, whereas the greater the exposure to
wildfires (indicated by poverty level), the more negative the perception will be.

Methods
Study area and sampling method

The three study areas are located in western USA as shown in Fig. 2.
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Fig. 2. Map of study areas: Doney Park in Arizona, Big Bear Lake in California, and Ruidoso in
New Mexico.
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We focused on three Southwestern-US interface communities identified by fire prevention
officials as having a significant wildfire risk. The specific study communities were selected for
having greater-than-normal diversity of socioeconomic, ethnic and cultural backgrounds based
on U.S. Census Bureau data. Sampling of private property owners was conducted using a
stratified random method. Biophysical characteristics such as wildfire hazard and vegetation
density were taken into consideration and combined with a property tax parcel map to create a
list of property owners, from which survey recipients were randomly selected. A mail survey,
conducted in May 2014, followed Dillman’s tailored design method (Dillman 2011). Property
owners were first contacted by postcard; 11 postcards were undeliverable. The survey was
administered to 1,070 landowners one week later. Three weeks later, 1,059 thank you/reminder
postcards were sent and followed by a second wave of surveys (900). Of the 220 received
surveys, 24 respondents did not complete the questionnaire and thus were eliminated, resulting in
a response rate of 20.8%. Because response was relatively low, we tested for non-response bias,
but found no significant differences between respondents and non-respondents in demographic
variables including gender, ethnicity, and education (Cohen 1992). Therefore we conclude that
the dataset for this study has minimal non-response bias.

Measurement

A complete list of variables used in this analysis is provided in Table 1. The dependent variable
was the degree to which respondents believe wildfires in their local area are a serious risk.
Respondents answered the question ‘Within the next 10 years, what is the probability that a
wildfire will damage your home?’ on a scale from 1% - exceptionally unlikely to 99% - virtually
certain.
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Table 1. Description of variables in the multilevel statistical model (n=196)

Variables Descriptions Mean S.D.
Dependent variable
Risk perception Self-reported risk perception rating from 1 0.93 0.68
to 7, ranging from very unlikely (=1) to
very likely (= 7).
Independent variables
Level-1: individual level
View of Nature Indication of the role of environmental 1.604 0.63%
worldviews using 16 items related to the
Cultural Theory
Preparedness Likelihood of undertaking Firewise- 0.44 0.25
suggested landscaping activities
(alpha®=0.69)
Human risk factor The importance of human-related factors 3.3 0.55
in creating a wildfire hazard (alpha =
0.67)
Length of residency A period of time that a person lived at 17.38 12.81
current property (year).
Place-based influence on
wildfire risk
Probability of a home Self-reported risk perception rating from 1
burning in the community to 7, ranging from very unlikely (=1) to 1.19 0.67
very likely (= 7).
Probability of a home Self-reported risk perception rating from 1
burning in the state to 7, ranging from very unlikely (=1) to 1.36 0.82
very likely (= 7).
Independent variables
Level-2: community level
Scientific measure of
physical vulnerability Wildfire risk potential zones, low (=0), 1.22 1.03
variables moderate, and high (=2)
Housing density WUI housing density units per square km. 2.38 0.61
in terms of a log transformation
Socioeconomic vulnerability  Percent of total people below the poverty  17.17 4.04

variables
Poverty level

level in 2012

Note that all variables are grand-mean centered
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Aand B are calculated from the distance of each response from its classification cluster center in
cluster analysis. ¢ Cronbach’s alpha indicates a degree to which the items measures are closely
correlated (alpha > 0.6 is acceptable).

The independent variables were based on relevant factors of local risk in multiple-scale data.
Individual-level variables included each respondent's demographic information and length of
residency. The degree of home protection from wildfire hazards was measured using a
preparedness index, determined by responses to a series of items asking if respondents were
undertaking certain landscaping activities. The place-based influence associated with a
perception of wildfire risk was measured at different spatial scales, such as the neighborhood and
state. The community-level variables included the scientific measurement of risk (wildfire hazard
zone), socioeconomic characteristics related to physical characteristics (housing density), and
social vulnerability to wildfire (poverty rate).

We applied the Cultural Theory typology (Schwarz and Thompson 1990) to wildfire
management. Respondents were asked to rate the importance of possible causes of wildfires in
their community, such as discarding cigarettes, burning debris and arson. The mean score of
these ratings was used to determine the residents' opinions on the level of human responsibility
for causing wildfires (human-related risk factor). According to Douglas and Wildavsky (1983),
individuals do not necessary adhere into one cultural type. To test this assertion, cluster analysis
was used to group respondents with similar responses on cultural adherence (Oltedal and
Rundmo 2007). A K-means cluster analysis was conducted to classify respondents’ views on
nature. The results found a heterogeneous distribution of values which are not indicative of any
particular cultural type. Factor scores of items measured to determine the view of nature were
used in the analysis to minimize computational complexity and achieve iteration convergence.
Although differences between the distributions of indicators were found, the pattern of
distribution can be distinguished by the levels of homogeneity, accumulation, and concentration.
The determination criteria for the number of clusters were based on the significant F-value of the
cluster, minimum cluster size, and the unique characteristics with distinctive variables. The mean
of each indicator within the final cluster plays a significant role within the different combinations
of the other three worldviews (Fig.3). The clusters of the four views of nature are labeled based
on the dominant indicators.

We can distinguish the dominant characteristics from preferred management style into three
general degrees of risk: risk averse, risk taking/or tolerant, and risk neutral. The ephemeral view
of nature is associated with risk aversion in the sense that adherents are concerned with the
depletion of environmental and natural resources. The greater the loading on this view, the
stronger aversion to risk will be. Clusters 1 and 2 have greater risk aversion than the other two
groups, while cluster 1 is more risk averse than cluster 2. Those who hold to the benign view of
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Fig. 3. Cluster of the view of nature
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nature are likely to be closely associated with risk-taking due to a belief in a resilient ecosystem.
Those of the perverse view share similar beliefs, but they perceive that resilience has limits.
Cluster 3 represents a group of respondents who are more prone to risk taking than other
worldview groups. Cluster 2 and 3 share a similar cluster which presents a risk-taking view.
Lastly, the capricious viewpoint is the most prominent in cluster 4. Persons holding this
viewpoint are not very concerned about erratic events because they believe one cannot be
concerned about what one does not know is coming; therefore, cluster 4 is closely related to the
risk neutral group (Fig. 3). To simplify the clusters of nature viewpoints, we group the risk
clusters into three categories: risk aversion, risk taking, and risk neutral.

To scientifically measure wildfire risk, we applied a single standard measurement acquired from
the Wildland Fire Potential map”. The WFP is a raster geospatial map that estimates burn
probability and fire intensity levels for areas throughout the United States. The map represents
the relative probability of five levels, very low, low, moderate, high, and very high, of
experiencing an intense fire that may include torching, crowning and other forms of extreme fire
behavior. We applied the majority filter and focal analysis® via ArcGIS 10.1 to obtain more
specific raster which would only include larger and more generalized areas. As a result, three
wildfire zones, (low= 0, moderate, and high=2), were created to simplify the analysis.

A The WFP map is produced by the USDA Forest Service, Fire Modeling Institute (2012), Online links:
http://www.firelab.org/fmi/data-products/229-wildland-firepotential-wfp

B The majority filter operates five successive times with HALF replacement threshold and the Median statistics is
used for generalized data in Focal Analysis.
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Multilevel statistical analysis procedure

Multilevel statistical modeling is designed to handle hierarchically structured data. Variability at
individual levels (lower level) can be partially explained by variation at the group level (higher
level). Individuals in the WUI are members of their communities; therefore, we analyzed the risk
perception of individuals by simultaneously considering variation within and between
communities. Since we used categorical responses of wildfire risk perception from low,
moderate, and high, ordinal regression models were ideal for minimizing underestimation and
standard error bias within the parameters (Muthén and Kaplan 1985). In addition, the ordered
categorical variables represent the difference in quantity for measuring variation from nominal
outcomes (Azen and Walker 2011).

The functional form of this multilevel model was adapted from (Hedeker and Mermelstein
2011). If Y denotes the individual wildfire risk perception response with a probability of
7T, = P(Y; <c) for individual / within each community-level j, we have the ratio of the
probability of risk perception being at or below the ¢ category where ¢ = 1, 2,..., C. We applied
cumulative probabilities to the applied complementary log-log link function to estimate the

ordinal model:

1, =log[-log(1-7z, )=y, — X, (1)
where ¢ represents the ¢ categories of risk perception outcomes from 1,2,..., ¢ -1
X denotes the vector of explanatory variables, including the intercepts

7. refers to threshold which reflects cumulative odds when X = 0.

A complementary log-log transformation is recommended for the ordinal model when categories
are not equally distributed (Heck ef al. 2013) yielding a very small or large probability (i.e., most
individual responses fit into specific categories). The odds ratio is simply the exponent of the
estimate's coefficient.

The sequential modeling process begins with the unconditional model (no independent
variables), which assumes that each community has a random average that may reflect the
respondent’s perception of wildfire risk. If a significant amount of variance in the random
intercepts occurs, this suggests a total variance in risk perception as a result of differences in
community means, the second level. Next, the independent variables, including the individual
level (level-1), are introduced in the second model where the community intercepts are allowed
to vary from each other, and the community-level variables (level-2) are introduced into the
model. The sequential procedure was based on (Hox 1995), which consists of four progressive
specifications:

1) Begin with an unconditional model, including only the intercepts and threshold coefficients
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2) Add level-1 fixed individual explanatory variables
3) Add level-2 random community-level explanatory variables
4) Add cross-level interaction explanatory variable.

The intraclass correlation coefficient (ICC) is used to estimate the proportion of variance among
group (higher) levels, ranging from 0 to 1. The ICC was calculated from a community-level
variance (o,,,,..,) relative to a total variance (o, .., + 0., ). The variance of a complementary
2

log-log link function, & 1s equal to% , or approximately 1.645€. All analyses were

within °

performed using the IBM SPSS statistical package. The receiver operating characteristics (ROC)
analysis was used to determine a goodness-of-fit of the subsequent models in this study. The
ROC value, which varies between 0.5 and 1, is close to 1, indicating a model with an ability to
discriminate between categorical cases of the outcomes, whereas a value close to 0.5 indicates
that the group is classified randomly.

Results
Effects of multilevel driving factors on wildfire risk perception

Four models were produced, each of which measured two levels of risk perception: random
effects and fixed effects for fire prone communities (Table 2). Model 1 is the unconditional
(intercept only) constraint for examining the variations in subjective risk of wildfire, assuming
that each community has a random community average that could reflect residents' perceptions
about this risk. The variance of the random intercept was 1.01 (z-test =4.912, p <.001), which
suggests overall differences across communities.

Table 2. Multilevel statistical models for wildfire risk perception

Model 1 | Model 2 Model 3 Model 4
Null Fixed Random Cross-level
model Level-1 slope interaction
variables added
added
Fixed effects
Threshold 0: Pr(< 10%) 0.44™" 0.36™ 3.717 3.64™"
Threshold 1: Pr(~33-50%)" -1.817 2.34" 6.74"" 6.70""
Level 1
cluster 1- risk averse -0.02 0.07 0.12°
cluster 2- risk taking -0.08 -0.27"" -0.24™
cluster 3- risk-neutral® - - -

c http://data.princeton.edu/wws509/notes/c3s7.html#f:links.
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Residents over age 65 0.50" 0.57" 0.54"
Length of residency -0.03"™" -0.03" -0.03™
Human risk factors index 0.73"" 0.67" 0.68"
Preparedness -0.20" - -
Place-based influence vs. wildfire risk

Community

High probability of home burning > 60% 1.14™ 2.81" 2.74™
Moderate © ~33-50% -0.13 1.16" 1.07"
State level

High probability of home burning > 60% -1.16™ -0.15 -0.13
Moderate® ~33-50% -0.97" -0.04 -0.06
Level 2

Wildfire risk zones

High exposure 0.88" 0.83"
Moderate exposure” 0.15 0.08
Density of housing” 0.67"" 0.67"
Poverty level 0.07" 0.09""
Interaction

Poverty X cluster] — risk aversion -0.05"
Poverty X cluster2 — risk taking -0.07"
Variance Component/ Random Effect

Intercept variance 1.017" 1.92"" 1.07"" 1.09™"
ICC 0.38 0.54 0.39 0.40
AIC 8,034.05 |26,777.95 |10,305.96 | 10,271.68
BIC 8,039.12 | 26782.98 |10,310.98 |10,276.70
ROC 739 770 .887 .890

Note that all continuous variables are grand-mean centered.

%k p <0.001; **p <0.05; * p<0.10;

AE other = 0 responses used as reference including pr(burning > 60%), age < 65, pr(burning
<10%), and low exposure; F the housing density is logarithm transformed.

Also note that due to the inverse relationship between the ordered outcome categories and the
direction of the predictors; the software restores the direction of the regression coefficients such
that the positive coefficients increase the likelihood of being in the highest category and vice
versa (Hox 2010).

The total variance in wildfire risk perception is calculated by determining the differences in
community means. This evidence confirms that the multilevel approach can explain the
multilevel association of subjective risk and the location of the community where the
respondents reside. The intraclass correlation coefficient (ICC) of model 2, the individual level
variables, shows that 42% of the total variance can be attributed to the community level (level-
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2), indicating higher clustering of risk factors associated with the threat of wildfire at the
community level (Table 2). Controlling for the ICC, higher levels of risk perception in model 2
are significantly associated with most individual-level variables except for views of nature. In
addition, preparedness and cluster 1 of nature views did not have independent effects on risk
perception. The model was rerun without these two variables to yield model 3 and the
subsequent analyses. The ICC of model 3 dropped from 54% to 39% at the community level, and
it only was very slightly altered after the cross-level interaction between the cluster 2 view of
nature and poverty level was introduced, which resulted in model 4. The ROC analysis indicated
that the multinomial complementary log-log models are a very good fit (0.89).

The percentage of respondents over 65 years of age, the degree to which wildfire could be
caused by human factors, risk perception at the community level, and risk perception of wildfire
were found to be positively related by Model 2. Conversely in the same model, the length of
residency, degree of preparedness, and risk perception at the state level were found to be
negatively related. Specifically, when all other variables are held constant, the predicted odds of
perceiving a high wildfire risk (versus perceived moderate or low risk) were lower with greater
length of residency. The degree of preparedness for wildfire protection decreased with
respondents' perception of moderate or low wildfire risk. This implies that the respondents who
are long-term residents and are less prepared for a wildfire also have a low perceived probability
of a wildfire damaging their home.

Perceived risk at the state level is associated with perceived risk at the local level. The negative
relationship of perceived probability of wildfire at the state level supported the hypothesis that
people are more optimistic about wildfire in their neighborhoods than broader areas. These
effects (moderate and high chance of home burning) were reduced by a factor of exponent (-1.16
and 0.97), when other factors are constant. However, view of nature did not significantly explain
the factor of risk judgments in the context of wildfire threats in model 2.

All three community-level variables in Model 3 were found to have a significant correspondence
to the differences in community-level means. The estimated slopes associated with all variables
were significantly positive, which implies a significant association between the average
community perception of wildfire risk and housing density, poverty level, and the exposure
proximity of wildfire hazard. This association supports the hypothesis that as housing density
and poverty levels in the community increase, perceived risk of wildfire also increases.
Similarly, residents’ perceived risk was consistent with their proximity to hazard zones.

The incorporation of complex structures and the cross-level interaction between both levels are
presented in the model 4. It explores the combined effects of poverty level and low risk-taking
perception (cluster2) on the general perception of risk. Note that the risk-aversion group
(cluster1), which had been statistically insignificant in models 2 and 3, became significant only
when cross-level variables were examined in the more complex model. The results of cross-level
effects indicate that the interaction of respondents adhering to a risk averse and risk taking
perspective is statistically significant. This interaction is known as a moderating effect (Azen and
Walker 2011), where the strength of a relationship between two variables is affected by a third
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variable. In this case, these interactive effects are associated with poverty level. It should also be
noted that the average effects of views of nature upon being risk averse (B=-0.05, p <.10) or
risk taking (B=-0.07, p < .05) are significantly negative. In other words, the direction and
strength of the relation between perceived wildfire risk at local and views of nature adherents is
affected by poverty level. For example, because poor individuals are less likely to mitigate
wildfire risk due to reduced access to resources (financial and time), the effect of their views of
nature on perceived risk is reduced when compared to higher-income individuals.

Discussion and conclusion

The findings confirm a majority of our hypotheses about individuals’ perceptions of risk. The
first model shows that a significant amount of variance (39%) in wildfire risk perception can be
explained by community-level differences. In model 2, age, length of residency, attitude about
risk factors, and level of preparedness were all found to be significant predictors of risk
perception. The positive association hypothesized with regard to attitude about risk factors of
wildfire hazards was supported. A person who is more concerned about the threat of wildfire is
more likely to acknowledge higher risk factors caused by human activity. In contrast, length of
residency and preparedness were found to have unexpected associations with risk perception at
the household level. This could possibly be explained by the significant role of place attachment
variables. Our findings extend those of Brenkert-Smith (2006) in the sense that the feeling of
place attachment decreases perceived risk from wildfires for WUI residents. Wildfire risk
perception is relatively higher at broader scales - community and state level than the perceived
risk closer to home. Specifically, respondents perceived the probability of fire damage in the
community similar to how they perceive it at the level of their home, whereas large differences
were found between perceptions at the state level and the home level. In other words, relatively
higher risk perception is reserved for wildfire damage on a broader scale (state-level) compared
to the more local scale of (home and community). This discrepancy could be due to what risk
researchers call optimistic bias (Weinstein 1989), or it may simply reflect the higher probability
that a wildfire will occur somewhere in each state during any given year.

As the intra-community difference shows various levels of significance, all three community-
level variables show the expected positive associations with perceived fire risk at the home level.
Respondents' perception of risk was consistent with their level of hazard exposure. As housing
density and poverty level increase, greater risk was perceived. The same relationship was found
with poverty level. View of nature becomes a significant predictor when cross-level effects are
considered, although it was not found to be significant at the fixed-effect level (model 2). Risk
aversion and risk-taking have negative associations with perceived risk of fire. Another
important finding appeared in Model 4, which examined evidence for cross-level interactions
between the individual and community levels. This model confirms that random-slope variations
can be accounted for by community-level effects. In this case, poverty level as an indicator of
social vulnerability at the community level is significantly related to individuals’ perception of
wildfire damaging their homes.
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In conclusion, this study illustrates that a WUI homeowner’s perspective regarding nature, length
of residency, place-based influence, and attitudes about risk factors are significant predictors for
how residents of fire-prone areas perceive their risk. The variation in social and physical
vulnerability associated with wildfire can explain, to a certain extent, the variation in individual
perceptions of wildfire risk. Perception of risk is consistent with the level of exposure to fire
hazards. These findings have useful implications in many aspects for public policy and
improvement of hazard communication and education. For instance, given the significant
associations indicated between attitude toward hazard mitigation and risk, environmental views,
and individual characteristics, a ‘one-size-fits-all’ policy is likely to be less efficient to
communicate the complexities of risk than a strategy of policy making and planning aimed at
certain groups or residents. Additionally, acknowledgement of the differences in wildfire risk
perception in terms of individual and community level will help fire-prone communities or
adjacent states become motivated to play a part in implementing wildfire risk reduction
strategies. Although the adjacent landscape shares geographic similarities, the same rules may
not apply to each local social dynamic. The study of wildfire risk perception should inspire fire
managers or community leaders to identify gaps between biophysical conditions and social
values and awareness about wildfire risks in their areas.
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Abstract

Experimental results of droplet water stream evaporation during passage through high-
temperature gases (combustion products of typical liquid fuels) are presented. Experiments were
carried out by using the panoramic optical non-contact methods of ‘tracer’ visualization (PIV,
IPI, PTV, PLIF). We determined the influence of dimensions, speed and concentration of
droplets in the water stream on its evaporation. The laws of droplet deceleration in a flame area,
changes of characteristic forms of droplets, collisions, coagulation and splitting were revealed.
Physical and mathematical models of the movement of droplets through the flames were
developed on the basis of experimental data. Numerical values of droplet existence times in
flames of different heights during droplet passage through them at various speeds and distances
between droplets were established. The model allowed us to define the required concentration of
droplets, their sizes and motion velocities, at which predetermined temperature decrease in the
flaming combustion area and concentration of combustion products and an oxidant is possible.

We simulated suppression of flaming combustion and thermal decomposition of typical forest
fuels (birch leaves, pine and fir-tree needles) by vapor-droplet water streams. The model allowed
description of the processes of heat transfer under full water droplet evaporation in the flame and
generation of only water vapor at the surface of forest fuel material. We were thus able to
determine the required temperature of the vapor-gas mixture and thickness of forest fuel material
that resulted in stopping thermal decomposition of forest fuel material. The system describing the
heat transfer conditions under liquid film evaporation at the boundary with thermally decaying
forest fuel material was also considered. The minimum liquid film thickness at which
temperature in forest fuel material is lower than the temperature of thermal decomposition was
established. The results of numerical simulation of the system in which the processes of heat
transfer are considered when forming the heterogeneous system (water with solid inclusions)
between the layer of forest combustible material and the trace of water array were presented. It
was found that the possible increase of ‘buffer layer’ concerning 0.005 m doesn't practically
influence cooling conditions of forest fuel material. We were able to describe the processes of
heat transfer when the extinguishing liquid droplets were at a specified distance between each
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other on the surface of intensively pyrolyzing forest fuel material. We found that heat of phase
transformation under the evaporation of two ‘neighboring’ water droplets is sufficient for the
absorption of energy accumulated in a heated layer of forest fuel material. The model allows
determination of the process of heat transfer during the passage of all water in the pores of a
near-surface layer of forest fuel material as well as when a water film will form over the
saturated forest fuel material layer. It was found that the speeds of the chemical reaction in this
area inertially decrease owing to the cooling of adjoining saturated forest fuel layers.

Additional keywords: flames, suppression, water droplet streams, simulation, experiment,
panoramic optical methods.

Introduction

In recent years the processes of formation, motion, disintegration of water nucleuses or missiles,
and streams of atomized water or different water agglomerates have been studied due to
development of droplet and polydisperse technologies of firefighting (Meshkov et al. 2011; Wu
2011; Strizhak 2013; Tang et al. 2013; Vysokomornaya et al. 2014). The physical and
mathematical models of heat and mass transfer (e.g., Strizhak 2013; Kuznetsov and Strizhak
2014; Vysokomornaya et al. 2013)) were developed to investigate the phase transformations
during evaporation of single droplets, or groups of them moving through the flame under
conditions of complicated coupled convective, radiative and conductive heat exchange. It was a
challenge to determine the characteristics of evaporation and the influence of sizes, motion speed
and concentration of droplets in the stream on the characteristics using known theoretical
approaches (conditions of significant nonstationarity of flame combustion area behavior and the
presence of gas stream swirl occurrence).

Size of droplets in an atomized flow influence significantly the taking away of them with high-
temperature combustion products (Volkov 2014). He established experimentally that a droplet
radius from 200 to 500 um is optimum to prevent a droplet splitting and minimize their being
taken away by combustion products. Droplets with a radius less than 200 um undergo a turn and
are taken away by high-temperature combustion products as early as the approach to the flame,
and therefore have little if any influence on the firefighting process, especially with large fires.
The polydisperse firefighting — water supply distributed in time and space into the flame area
seems expedient. Motion features of big water missiles (volume 0.1-0.5 1), atomized water
(droplet diameters 0.1-1 mm), and single droplets (0.1-5 mm) moving through the flames were
studied and their influence determined on simulated fire sources (including typical forest fuel
materials, liquid fuels, gas-burners etc.) as described below.

Experimental research
Five experimental setups were used to solve the listed research problems: 1) destruction of water

missiles of large mass; 2) deformation of single droplets and their agglomerates in the flame;
3)examination of the processes of heat and mass transfer and phase transformations during the
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passage of single droplets, groups of them and droplet flows through the flames at various
temperatures and speeds of combustion product motion (by ensuring the possibility of
combustion substance phase change to a liquid or solid); 4)study of the evaporation processes of
water droplets and emulsions on its base in an air flux with various temperatures, as well as on
the heat of selected surfaces and constructions, and; 5)study of the processes of heat and mass
transfer and phase transformation with suppression of thermal decomposition of common forest
fuel materials.

The experiments were recorded with cross-correlation cameras, high-speed video cameras, and
pulsed lasers using software packages to optimize optical ‘tracer’ visualization (PIV, Stereo PIV,
PTV, IPI, SP) (Chagovets and Van Sciver 2011; Simo et al. 2013;Damiani et al. 2014) , and with
high-speed video recording ‘Tema Automotive’ (Janiszewski 2012a, b). Special spotlights,
reflectors, ‘light conductors’ and corresponding ‘tracer’ particles were used for each setup
according to the applied panoramic optical method of ‘tracer’ visualization and type of the
channel (made with heat-resistant translucent glass, stainless steel, or rolled steel with special
holes) with droplets and high-temperature gases.

Fig. 1 illustrates one of the setups used to analyze evaporation processes of water droplets and
emulsions on its base in the high-temperature gas fluxes corresponding to flames of kerosene,
alcohol and common forest fuel materials (FFM) — birch leaves, needles and twigs of pine and
fir-trees. Water with ‘tracers’ was applied. The ‘tracers’ were an admixture (0.5%) of particles of
titanium dioxide nanopowder for refining the videograms obtained with the cross-correlation
camera. The speed, size, weight, form and concentration of water droplets in the flame were
studied.
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Fig. 1. External appearance of the experimental setup: / — high-speed video camera; 2 — cross-
correlation camera (according to the problems of the experiment, it was used up to 3 cameras
simultaneously); 3 — double pulsed solid-state laser; 4 — synchronizer of PC, cross-correlation
digital camera and laser; 5 — light “pulse’; 6 — laser emission generator; 7 — PC; 8§ —rack; 9 —
container with water; /0 — channel of water supply; // — dosing devise (or atomizer); /2 —
droplets (or their flux) of water; /3 — trap device; /4 — hollow cylindrical channels; /5 — ‘burner
device’ (the group of such devices was used to burn kerosene, alcohol and forest fuels); 716 —
thermocouples; /7 — motion channel of cooling liquid of laser; /8 — pressure system; /9 — turn-
on/ turn-off unit of the pressure system; 20 — heating installation; 2/ — thermal insulating layer;
22 — analytical weighing system; 23 — water atomizer.

The cycle of experiments included two series of ten experiments each. The video frames of
atomized water being directed into the cylindrical channels with the flames were fixed during the
first series. The images of droplets after passing through the flame zone were recorded during the
second series. The kerosene, alcohol and FFM were used to form the flame. An additional point
is that the similar experiments were conducted during passage of the air heated to required
temperatures (special fan heaters, tubular heating elements, thermal insulating layers and other
assisting elements were applied) instead of the combustion products in the operating cylindrical
channel.

Each series of experiments consisted of several stages. A vessel with a capacity of 5 L (7, 10 and
20 L vessels were also used) was filled with water and emulsion on its base. An atomizer (in the
case of single droplets — a dosing device with appropriate atomizer) was connected to the
vessel’s outlet. The atomizer was tuned according to necessary parameters of liquid atomization.
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The height of racks for a group of cameras as well as the height of the laser beam were chosen so
that an optical axis of cameras and a plane of the laser’s light ‘pulse’ intersected at a 90 degree
angle with the point of their intersection in the operating area. The camera was calibrated (with
the scale coefficient calculated on a personal computer (PC)) and ‘reclasping’ of the laser’s light
‘pulse’ tuned. The special sublayer of the setup was filled with liquid or solid substance which
was fired later. After 3—5 minutes (the time necessary to heat the intracavity of operating vertical
cylindrical channel up to the desired temperature) the special software (‘Actual Flow’, ‘DaVis’
or ‘Tema Automotive’ were applied in accordance to the type of camera, laser and synchronizer
used) was started on the PC, the atomizer (or the dosing device) was turned on and videogram
recording begun in the operating area. Velocity fields of ‘tracer’ particles of atomized water were
constructed and the speed of the separate droplets calculated in the operating area from the video
frames taken.

The integral characteristics of motion, evaporation and taking away of water droplets and
emulsions on its base were determined using these setups for different suspensions applied in
firefighting systems. The main results (typical evaporation speeds, concentrations of droplets in
combustion products, fraction of liquid passing through the flames, forms of droplets and
agglomerates of them in the flame, etc.) are presented in Kuznetsov et al. (2015) andVolkov et
al. (2015a, b). Figs. 2 and 3 illustrate typical configurations of big water missiles during the
destruction, speeds of droplets of atomized streams and combustion products in the flame zone.

Fig. 2. Video frames with the images of missile (initial volume 0 0.3 1) at different stages of
destruction (when the fixed dimension of missile motion trace S): a — formation of a nucleus, b —
‘flattening’ of the missile (§=0.5 m), ¢ — formation of bubbles (‘parachutes’) (S=1 m), d —
destruction of the ‘parachutes’ and formation of ‘chains’ ($=1.25 m), e — formation of small
droplet cloud (S~1.75 m).
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Fig. 3. Typical videograms of the aggregate of the liquid droplets and velocity fields of “tracer”
particles at the inlet (@) and outlet () from the flame at initial speeds of gases Ug=1 ms™' and
droplets Un=1 ms'.
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Experiment results using simulated combustion sources established that single water droplets, a
group of them of sufficiently large mass to form a film with motion into the boundary layer of
FFM can prevent thermal decomposition of forest fuel material (Fig. 4).

Fig. 4. Typical videogram of experiment with the suppression of thermal decomposition reaction
of FFM (birch leaves) by the vapor-water mixture: / — metal sublayer; 2 — hollow cylinder; 3 —
forest fuel material; 4 — vapor-water mixture.
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Theoretical research

Experiment results allowed placing individual models into groups of similar heat and mass
transfer that suppressed thermal decomposition of FFM when applied vapor-water streams
reached their surfaces under conditions corresponding to typical forest fires. Fig. 5 illustrates the
most typical schemes.

Fig. 5. Schemes of the developed models of heat and mass transfer: @ — for the vapor-gas mixture
above FFM (/ — mixture of combustion products and water vapors, 2 — boundary layer of FFM);
b — for two droplets at the surface of FFM (/ — vapor-gas mixture, 2 — water droplets, 3 — FFM);
¢ — for homogeneous film of water at the surface of FFM (/ — vapor-gas mixture, 2 — water, 3 —
FFM); d — for water film with solid inclusions (/ — FFM, 2 — water with solid inclusions); e —at
penetration of water into pores of FFM (/ — layer of FFM with 7>T4, 2 — layer of FFM with the
pores full of water).

 J
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Tables land 2, and Figs. 6-8 illustrate the main results of the research using the models

presented in Fig. 5.

Table 1. Dependence of evaporated layer thickness of liquid film (L., mm) on characteristic
size of FFM for the model ‘homogeneous water film — FFM’

Characteristic size of

FFM, (m) 0.020 0.030 0.040 0.050 0.060

birch leaves 0.0517 0.056 0.0649 0.09 0.1349
pine needles 0.044 0.047 0.052 0.068 0.0985
fir-tree needles 0.0385 0.041 0.0463 0.058 0.0832

Fig. 6. Dependence of time of thermal decomposition suppression of systems ‘water with solid
inclusions — FFM’ when FFM Lw-=0.01 m, y=0.5, a=20 W/(m?K) (/-3) and ‘homogeneous
water film — FMM” (4—6) on thickness of the sensitive boundary layer of FFM: I, 4 — birch

leaves, 2, 5 — pine needles, 3, 6 — fir-tree needles.
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Fig. 7. Dependence of time of thermal decomposition suppression on thickness of ‘buffer layer’
of the model ‘water with solid inclusions — FFM’ when L=0.04 m, y=0.5, 0=20 W/(m?K): / —
birch leaves, 2 — pine needles, 3 — fir-tree needles.
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Table 2. Dependence of time of thermal decomposition (tq, s) suppression of FFM (pine
needles) on parameter Hy, at various temperatures in the trace of water array and L=0.04
m for the model ‘group of water droplets — FFM’

Distance between
droplets
(Hw), (mm) 0.004 0.008 0.012 0.016 0.0241 0.0402 0.0643

Temperature

In the trace, (K)

300 42.6 55 68.9 82.3 105.5 136.7 159.9
350 42.6 55 69 83 107 139.9 166.1
450 42.6 55 69 83 109 146.6 180.7
550 42.6 55 70 85 113 154.3 199.5
650 42.6 56 71 87 116 162.9 227.6
800 42.6 56 71 87 116 162.9 227.6
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Fig. 8. Characteristic periods of the suppression of thermal decomposition reaction of FFM
(a — birch leaves, b — pine needles) at the temperature of the vapor-gas mixture Tr=300 K:
1 — experimental data, 2 — results of numerical simulation.
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Conclusion

Results of experimental and theoretical research suggest it is unreasonable to use large volumes
of water for forest firefighting. Using more water than needed results in only a minor
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improvement in halting the thermal decomposition reaction. We conclude that firefighters can
reduce the water used in fire suppression by utilizing the results of the research described in this
paper to more efficiently distribute the water applied to the flame zone in both time and space. .
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Abstract. Using the 2013 Yarnell Hill fatality fire in Arizona as a backdrop, this paper considers
whether the global wildland fire community has failed on-the-ground firefighters. To begin
answering this question two specific lines of inquiry are addressed: (i) was the fire behavior
during the major run beyond what would be predicted by currently available guidelines? and (ii)
what fire behavior knowledge and tools are available to allow wildland firefighters to assess their
‘margin of safety’? A set of three recommendations are offered in light of our findings.

Additional keywords: fire behavior field guide, fire rate of spread, firefighter travel rate, flame
length, Granite Mountain Interagency Hotshot Crew, margin of safety, Yarnell Hill Fire

Introduction

In his seminal work on Fire Behavior in Northern Rocky Mountain Forests, Jack Barrows (1951,
p. 1), considering the subject of fire behavior and wildland firefighter safety said:

An important reason for understanding fire behavior is to provide safety for the firefighters.
Every fire behavior situation calls for specific safety measures. Experience gained from
fighting thousands of fires has shown that the suppression job may be accomplished with a
reasonable degree of safety. To achieve safety it is highly important that all firefighters have a
general knowledge and the leaders of the firefighting forces have a high degree of knowledge
of fire behavior. ... Many risks can be eliminated from firefighting if each man knows what to
expect the fire to do. The average firefighter need not be an expert on all phases of fire
behavior, but he should have a working knowledge of ignition, combustion, and rate of spread
of fires burning in forest fuels. Equipped with such basic fire behavior “know-how” the
individual firefighter can approach his job without fear and with confidence that he can
perform required duties in a safe and efficient manner.

Despite these general recommendations by Barrows, numerous entrapments and burn-overs
have occurred that were directly related to an under appreciation or misjudgement of fire
behavior potential (e.g. rapid changes in fire spread and intensity) involving both new and
experienced firefighters. In an effort to learn from each of the tragedies, the wildland fire
community has developed recommendations or lessons learned which have in turn led to a whole
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host of firefighter safety guidelines starting with the Ten Standard Fire Fighting Orders in 1957
(Alexander and Thorburn 2015). Similarly, many advances in fire behavior research and fire
behavior training have taken place that have exposed wildland firefighters to a much more
rigorous understanding and evaluation of fire behavior potential (Scott et al. 2014; Cruz et al.
2015). Yet in spite of these advances firefighter fatalities due to entrapments and burn-overs
continue to occur. Such incidents are sometimes of disastrous proportions and are not restricted
to just North America but are in fact global in nature (Alexander et al. 2012).

The circumstances surrounding the Yarnell Hill Fire tragedy of June 30, 2013, in which 19
members of the 20-person Granite Mountain Interagency Hotshot Crew (GMIHC) perished, are
documented in Part 1 of the serious accident investigation report of this unfortunate incident
(http://www.wildfirelessons.net/yarnellhill). In Part 2 of the report, the investigators raise over
35 questions for ground and air crews, incident and agency managers, and researchers to
consider as part of a ‘learning discussion’. The wildland firefighter fatalities associated with the
Yarnell Hill Fire is one more in a long list of similar tragic incidents from all over the world that
prompts us to ask a more general question that should be of concern to the entire wildland fire
community: Have decades of wildland fire research, training and administration failed to give
firefighters the knowledge, skills and tools to assess potential fire behavior and implications for
their safety? The purpose of this paper is to hopefully deepen the learning discussion.

The case of the 2013 Yarnell Hill Fire

According to the Yarnell Hill Fire serious accident investigation report (p. 78), the flame front in
the vicinity of the entrapment area/deployment site advanced at a rate of around 270 to 320 m
min’! with flame lengths of 18 to 24 m, an extreme level of fire behavior by any account.

Was the fire behavior during the major run beyond what would be predicted by currently
available guidelines?

Barrows (1951) outlined the general process of predicting wildland fire behavior that are as valid
today as they were nearly 65 years ago (Fig. 1). Most of the operational fire behavior guidelines
and modeling systems presently used in the US are founded on the framework as illustrated in
Fig. 2. In addressing the question raised above, let us assume that the following environmental
conditions prevailed during the major run of the Yarnell Hill Fire based on data and information
contained in the serious accident investigation report and Rothermel’s (1983) guidelines:

Fire Behavior Fuel Model 4 — Chaparral (1.8 m) as per Anderson (1982)
0% slope steepness
Fine dead fuel moisture contents of 3%

Live woody fuel moisture content of 75% (cf. Davis and Dieterich 1976)
Mid-flame windspeeds of 32-40 km h™!' given forecasted 6.1-m open winds of 64-80 km'!

The BehavePlus fire modeling system (Andrews et al. 2008) predicted the head fire rate of
spread (ROS) and flame length (FL) to vary from 248 to 340 m min™! and 18 to 21 m,
respectively. This is a good match with the reconstructed values for the major run.
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THE PROCESS OF JUDGING FIRE BEHAVIOUR
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Fig. 1. Judging and interpreting predictions of wildland fire behavior requires the systematic
analysis of many factors and considerations (from Barrows 1951).

Obsarvation FIRE MAP

| FUEL MODEL o= PROJECTION
Judgment Supplemantary Inpuls f

Map Scale |
Tamp. Projection Time MAP DISTANCE
R.H.
Time
Manth | pEAD FUEL | I—» SPREAD DISTANCE
Shackng MOISTURE ) ;;;EE‘EE Y PERIMETER
Aspect AREA
Slope
Observation FIRE FIRELINE
St o] seivee o) sevous | aTeNsTy [ FLAME LENGTH
MODEL

Estimation,

R il | [ HEAT PER SUPPRESSION
::n{;::r;;;n&r: > SLOPE UINIT AREA POSSIBILITY
Wx Forecast, WHOSFEED
Measurement, . REACTION
b » and ™ INTENSITY

. DIRECTION
Judgment
OUTPUT
INPUTS OUTPUTS INTERPRETATIONS

Fig. 2. General information flow involved with the underlying framework of most operational
fire behavior guides and modeling systems used in the US (from Rothermel 1983).
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For lack of computer access the GMIHC was unable to perform BehavePlus fire modeling
system computations on the fireline. The National Wildfire Coordinating Group (2014a) Incident
Response Pocket Guide (IRPG) doesn’t include methods to predict or estimate ROS or FL.
However, the National Wildfire Coordinating Group (2006) Fireline Handbook Appendix B:
Fire Behavior supplement does. Table 30 on p. B-74 from that publication is reproduced here as
Fig. 3. The tabulation is limited to a maximum mid-flame windspeed (MFW) of 19 km h! and
live woody fuel moisture (LWFM) of 90 to 120%. The maximum predicted ROS and FL are 84-
105 m min! and 11-12 m, respectively, still a very extreme level of fire behavior.

Fig. 3. Tabulation for Fire Behavior Fuel Model 4 — Chaparral (1.8 m) for zero percent slope
contained in the National Wildfire Coordinating Group (2006) Fireline Handbook Appendix B
Fire Behavior supplement. This tabulation is not available in SI units. Conversion factors: mi/h x
1.61 = km h'!'; chains per hour x 0.335 = m min’!; feet x 0.305 = m.

Fire behavior nomograms (Albini 1976; Rothermel 1983; National Wildfire Coordinating
Group 1992) were another potential field tool available in 2013 that do allow for higher
windspeed values to be considered (Fig. 4). The nomogram for Fire Behavior Fuel Model 4 —
Chaparral (1.8 m) gives a predicted ROS and FL of 251 to 335 m min! and of 18 to 21 m,
respectively. Nomograms and also nomographs (Scott 2007), however, are not commonly
employed outdoors in fireline situations by fire suppression crews but they are used by a fire
behavior analyst (FBAN) at an incident command post, for example.
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Model 4 — Chaparral (1.8 m) for high windspeeds. This graphic is not available in SI units. Refer
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The latest edition of the Fire Behavior Field Reference Guide allows for a maximum MFW of
32 km h! for Fire Behavior Fuel Model 4 — Chaparral (1.8 m) (National Wildfire Coordinating
Group 2014c, p. 117). Combined with the fuel model, slope steepness, and fuel moistures stated
previously, this gives a predicted ROS and FL of 173 to 235 m min"! and 15 to 18 m,
respectively. (Note: at some 200 pages in length it is unlikely this guide would be carried on the
fireline by an IHC superintendent or assistant superintendent.)

In addressing the question poised at the start of this section, from the perspective of hindsight,
one would have to say ‘no’. The ROS and FL observed during the major run of the Yarnell Hill
Fire on June 30, 2013, was not beyond what could be predicted by the Rothermel (1972) surface
fire model in the form of the BehavePlus fire modeling system (Table 1). Some limits imposed
on live fuel moisture and windspeed with the three manual methods or tools for fire behavior
prediction do restrict the ROS and FL values that are possible (Table 1). However, in real time,
decisions can only be made with foresight (Sutton 2011). Whether fire behavior is predictable in
practice may also depend on the accuracy and availability of model inputs, appropriate training,
whether fire behavior assessment is part of work protocols and operating procedures, and having
sufficient time.

Table 1. Summary of after-the-fact predictions of fire rate of spread (ROS) and flame
length (FL) by various fire behavior predictive tools for Fire Behavior Fuel Model 4 —
Chaparral (1.8 m), including their live fuel moisture and windspeed limits, in comparison
to the ROS (270 to 320 m min') and FL (18 to 24 m) experienced during the major run of
the Yarnell Hill Fire on June 30, 2013
LWFM, live woody fuel moisture; MFW, mid-flame windspeed

LWFM MFW
Fire behavior predictive tool ROS FL range maxima
(mmin!)  (m) (%)  (kmh')

BehavePlus fire modelling system (Andrews et al. 248-340  18-21 30-300 64
2008)
Fireline Handbook Appendix B: Fire Behavior 84-105 11-12 90-120 19
(National Wildfire Coordinating Group (2006)
Fire Behavior Nomograms (National Wildfire 251-335 18-21* 50-300 38
Coordinating Group 1992)
Fire Behavior Field Reference Guide (National 173-235  15-18 80-120 32

Wildfire Coordinating Group 2014c)

AThe upper FL value was estimated on the basis of the maximum MFW (i.e. 38 km h!) that
could be used given the boundary limitations of the Fire Behavior Fuel Model 4 — Chaparral (1.8
m) nomogram for high windspeeds (Fig. 4).

We do not know, even with the benefit of hindsight, whether a prediction of potential fire
behavior was made prior to the crew leaving the safety of the “black™ sometime after 1604 h on
June 30. However, we do see in several digital images sent out by members of the GMIHC from
their cell phones that they did take time to observe the Yarnell Hill Fire’s behavior prior to the
major run and their relocation. Furthermore, the US Department of Interior and US Department
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of Agriculture Forest Service (2011) require IHC superintendents and assistant superintendents
are required to have taken the course S-390 Introduction to Wildland Fire Behavior Calculations
which includes instruction in both the Fireline Handbook Appendix B: Fire Behavior supplement
and the Fire Behavior Nomograms (National Wildfire Coordinating Group 2015).

On the basis of an interview (http://www.youtube.com/watch?v=-4hR5annS_Y) conducted by
Dave Thomas with Steve Little (Superintendent, Asheville IHC) during the Fire Management
Deep Smarts Project (Thomas et al. 2012, 2015), it is apparent that some firefighters do in fact
utilize the Fireline Handbook Appendix B: Fire Behavior supplement to make estimates or
predictions of wildland fire behavior in relation to escape routes and safety zones considerations,
although it is unknown how widespread and rigorous this practice is at present.

An additional field tool also available in 2013 was the FireLine Assessment Method FLAME
Field Guide (National Wildfire Coordinating Group 2007). The FLAME Field Guide is not used
to predict ROS and FL directly, rather it is used to assess dramatic changes in fire behavior
(Bishop 2007), particularly in ROS based on changes in windspeed, fuel type, topography, and
other fire environment characteristics. All senior firefighters on an interagency hotshot crew
(IHC) are required to have taken the course S-290 Intermediate Wildland Fire Behavior (US
Department of Interior and US Department of Agriculture Forest Service 2011) where instruction
in the use of the FLAME Field Guide is given (National Wildfire Coordinating Group 2015).

Using the FLAME Field Guide for the Yarnell Hill Fire and assuming an increase in
windspeed and a change from a backing fire to a head fire with an effective windspeed-ratio of
56 to 64X, the ROS-ratio was on the order of 110 to 140X. That is, a 100 to 140X increase in
ROS was predicted given the increase in windspeed and change in wind direction, a value well
above the threshold of 60X noted in the FLAME Field Guide where past firefighter fatalities
have occurred.

What fire behavior knowledge and tools are available to allow wildland firefighters to assess
their ‘margin of safety’?

FL values of 18 to 24 m suggests that separation distances of 72 to 96 m are needed (Cohen and
Butler 1998), assuming that FL is equivalent to height of the flames. This represents a sizeable
area (i.e. 1.6 to 2.9 ha). In any event, a good safety zone is of no use to firefighters if they cannot
reach it in time.

The motivation for firefighters to evaluate fire behavior potential is to assess risks to their
safety posed by rapid fire spread and (or) intense heat. In his landmark textbook on forest fire
control and use, Davis (1959, p. 404) pointed out that:

Good scouting, communication, knowledge of fire behavior, fire weather forecasting, training,
and leadership are the best insurance of safety. If these things are well handled, there is little
reason for fire suppression to be more dangerous than any other kind of woods work ... There
have been instances where there was underappreciation of the danger of a situation and of
allowing too narrow a margin of safety.

While Davis’s statement regarding working in the woods may hold in many cases, it is clearly
not the case under extreme burning conditions, particularly in open wildland environments.
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The margin of safety with respect to wildland fire behavior and firefighter safety was first
enunciated in print by Beighely (1995). The concept is graphically illustrated in Fig. 5.

Fig. 5. Illustration of the ‘margin of safety’ concept involved during indirect and parallel attack
wildland fire suppression situations (adapted from Beighely 1995). FF = firefighter(s); SZ =
safety zone; T1 = the time taken for the fire to reach the safety zone; and T2 = the total time
taken for firefighter(s) to reach the reach the safety zone.

Mathematically, the margin of safety is defined as follows (from Beighely 1995):
Safety Margin (£) = T1 — T2 (1)

where T1 is the time for a fire to reach a safety zone and T2 is the time for a firefighter(s) to
reach the safety zone (Fig. 5). T1 is dictated by the distance involved and the fire’s ROS. T2
depends not only on the fire crew’s rate of travel (ROT) but other factors such as the delay in
recognizing the need to use an escape route as a result of a change or anticipated change in fire
behavior, and the time required to communicate this decision to the other crew members (Baxter
et al. 2004). Equation (1) can also be expressed as:

Safety Margin (+) = DI/ROS — (D2/ROT + T) )

where D1 and D2 are the distances between the fire front and firefighter(s) and the safety zone,
respectively, and T is the time taken for the firefighters to initiate travel along the escape route to
the safety zone.

A positive (+) safety margin from either equation (1) or (2) implies that the firefighter can
reach the safety zone before being overtaken by the fire, whereas a negative (-) safety margin
implies that the fire can overtake a firefighter before the firefighter can reach the safety zone.
The greater the positive difference between T1 and T2, the greater the margin of safety.
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While the margin of safety concept is regarded as useful, application can be difficult in
practice. Information on the four key variables shown in equation (2) can be challenging to
assess, especially ROS and ROT, partly because they require direct observation, which may be
difficult under extreme burning conditions and because they are constantly changing over time
and space. ROS and D1 are likely often under-estimated (McLennan 2009). The fire’s movement
across the landscape requires a constant re-evaluation of both the fire’s ROS and position relative
to firefighters and safety zones as well as the fire crew’s ROT and position relative to an escape
route and safety zone. To cope with some of these challenges, firefighters often identify ‘trigger
point’ locations on the fire that will give them, if the fire reaches that location, adequate amount
of time to move to an identified safety zone. (Greenlee and Greenlee 2003; Campbell 2005).
Although we believe the margin of safety concept to be quite useful in fire suppression
operations, we know of no practical guides or tools to assist firefighters with such assessments as
documented in the global wildland firefighter safety and fire behavior literature.

Hard data on firefighter travel rates is limited to a few published studies (Rothermel 1993;
Butler ef al. 1998; Ruby et al. 2003; Alexander et al. 2013). While some existing research is
being applied (e.g. Fryer et al. 2013), much more observational data needs to be collected in
order to cover a wider range of conditions.

While the Lookout(s) — Communication(s) — Escape route(s) — Safety zone(s) (LCES)
wildland firefighter safety system checklist on p. 6 of the /PRG does indicate the need to
‘evaluate escape time vs. rate of spread’, no mention is specifically made of the need to
undertake a margin of safety calculation in the new Wildland Fire Incident Management Field
Guide (National Wildfire Coordinating Group 2014b).

Wildland fire behavior prediction: slow or fast?

While there have been advances made in fire behavior prediction since Barrows (1951)
observations, advances have also been made in the understanding of decision making and human
error. Considerable research has been done on decision making under time pressure. Klein
(1999) found that many experts rely on intuition informed by experience or ‘recognition primed
decision-making’ (RPD). Rule-based approaches are also used (McLennan et al. 2003). While
these approaches are effective in many situations, they are not infallible; RPD relies on extensive
experience which may not encompass extreme events. What fire behavior prediction provides is
access to information that is beyond one’s personal experience.

While no fire behavior prediction is perfect (there is inherent uncertainty related to weather
forecasts and model error), accuracy can be in the order of 60 to 80% (Cruz and Alexander
2013). However, assessments of fire behavior and margins of safety require the explicit,
systematic analysis of many factors. This kind of rational thought process (sometimes called
‘System 2°) is inherently hard and slow, as opposed to the quick, intuitive judgements of ‘System
1’ (Kahneman 2011). Even the most basic fire behavior prediction takes some time, perhaps a
few minutes. Klein ef al. (2010) estimated that urban fire department commanders made 78% of
their decisions in less than one minute. Just as we often require structured processes and external
aids for many rational thought processes, such as a pencil and paper to do mathematics (Heath
2014), work processes, decision aids and training are as essential to operational fire behavior
prediction and as deserving of attention as the science itself.
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In a general sense one has to wonder just how often, if at all, are current fire behavior guides
utilized by field going personnel, and if they are not being used, why not? Is there a lack of
confidence in the models upon which they are based? Is it a case that the existing field tools are
not convenient to use on the fireline? Could the margin of safety implications be simplified (e.g.
Cheney et al. 2001)? Is too much reliance placed upon experienced judgement (Burrows 1984)
over systematic, model based assessments? Is the main obstacle to full use of fire behavior
models and guides under fireline conditions the fact that there appears to be no standard
operating procedure on how to use them? Is there not enough time in the day to undertake the
calculations of ROS and the margin of safety (Fig. 6) to aid anticipatory thinking (McLennan et
al. 2009) ?

Element Daily fire Fire behavior Imminent
behavior concern threat
prediction
Fire personnel Fire Behavior| Fire crew Crew
Analyst leaders -
Decision time Days to hours|Hours to minutes YV IR GRI=Tee]p (el
Thought process| Rational Intuitive/Rational RInOIAE
Tools Fire behavior | Fire behavior Training, experience,
models, guides, training, [ cIR
training, experience
experience
Decision/Plan Daily incident| Re-evaluate Disengage or seek
action plan strategy & out survival zone
tactics or
disengage
tactics

Time wedge

Fig. 6. Illustration of fire behavior assessment and decision making- during a critical day. As fire
behavior and the tempo and urgency of events escalates, the ‘wedge of time’ available to
evaluate fire behavior decreases.

The time available for fire behavior assessment during a firefighter’s work day may be seen as
an arrow or wedge of time (Fig. 6); the broad end often begins with a morning briefing on the
daily plan and on a large incident may include discussion of fire behavior potential with a
FBAN. During the day the time available for decision making may narrow with increasing fire
behavior and the tempo and urgency of events; on a critical day the sharp end may narrow to
mere seconds if firefighters are confronted with an imminent threat. The sharp end of the time
wedge is clearly too late for fire behavior prediction, but the question arises as to what point(s)
should updated fire behavior predictions be used to reassess or ‘replan’ current tactics? In part
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this requires overcoming the tendency to continue with an existing plan (Sutton 2011; Frye et al.
2014).

Current approaches to understanding the human contribution to accidents emphasize that,
while safety is not inherent to systems, human error is connected to the tools, tasks and operating
environment we regularly utilize. Progress in safety will be made by understanding and
influencing these connections (Dekker 2002, 2014). The issue is undoubtedly multi-faceted.
There is an overriding need for wildland fire and human factors researchers to work together
with firefighters and managers to better understand decision processes, tasks and the operating
environment in order to improve the connections between decision aids, training,
communications and protocols — to better connect human behavior and fire behavior.
Nevertheless, the creation of a ‘fire behavior pocket guide’ with the on-the-ground firefighter in
mind would appear to be in order, not just in the US or Canada but globally using as a starting
point ideas from existing field guide formats (Taylor et al. 1997; Sneeuwjagt and Peet 1998;
National Wildfire Coordinating Group 2006; Gould et al. 2007; Pearce et al. 2012). and
interpretive guidelines and threshold values that aim to reduce risk by managing exposure to
extreme fire behavior (i.e. risk = hazard x exposure x vulnerability); see, for example, the
Operational Safe Work Standard 5 discussed by Beck ef al. (2002). Perhaps it is now time to
consider the application of a mobile device for use on the fireline (Broyles and Verania 2006;
Anderson et al. 2008) as part and parcel of one’s personal protection equipment.

Implications for wildland fire science and management

In light of the Yarnell Hill Fire and similar tragedies on other continents in the past, we believe
the following steps should be undertaken:

(1) Undertake a comprehensive literature review/annotated bibliography related to the subject
of fire behavior and firefighter safety (e.g. firefighter travel rates on escape routes, safety
and survival zones, fire behavior guides, thinking under uncertainty, decision making,
organizational safety, risk management) including how such information is incorporated
in wildland fire training and standard operating programs.

(2) Undertake interviews with selected individuals in the wildland fire community along the
lines of the Fire Management Deep Smarts Project as to: (i) how they are currently using
fire behavior information in the field in regards to firefighter safety and what they think
should be done to improve field applications of it, including knowledge gaps, and (ii) how
and why responders successfully withdrew from incidents that resulted in entrapment of
others.

(3) Convene a working group to analyze the information gleamed from steps 1 and 2 to make
recommendations regarding management actions and address research needs in the form
of an international workshop and symposium, complete with compendium.

Potential organizations that should be involved in such an undertaking include the
Australasian Fire and Emergency Service Authorities Council, Bushfire & Natural Hazards
Cooperative Research Centre, Canadian Interagency Forest Fire Centre, Fire Management Study
Group of the North American Forestry Commission, Food and Agriculture Organization of the
United Nations, Forest and Rural Fire Association of New Zealand, International Association of
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Wildland Fire, Joint Fire Science Program, National Interagency Hotshot Crew Steering
Committee, National Wildfire Coordinating Group, Pau Costa Foundation, and Wildland Fire
Lessons Learned Center, just to name a few.
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Using Historical Photograph Collections to Identify Indigenous Burning Patterns

Rick Arthur
Wildfire Prevention Officer (Retired) Alberta ESRD
CEO, Driptorch Consulting Inc.

Abstract

Identifying historic disturbance patterns is a critical prerequisite before undertaking any
ecological restoration or for that matter, planning for landscape or ecological management. Of
equal or greater importance, is understanding how those disturbance patterns came into being
or were maintained. Indigenous fire has been recognized as a principle tool for a variety of
multiple resource uses and benefits. While the scale of use has been debated, there is
increasing consensus that frequent fire maintained certain ecosystems.

In latter stages of ecological succession, the historical use of frequent fire is very difficult to
ascertain. There are ecological indicators that can be found through careful assessment and
interpretation. Identifying low intensity fire patterns is difficult as it does not leave significant
markers on the landscape. These are often lost over time thru successive vegetative types or
expansion of coniferous forests. Historic and repeat photographs often provide some insight but
are usually, only a single image or a few images that may or may not represent the landscape.
and as such have limited usefulness.

Early Canadian surveyors took systematic glass plate photographs as they surveyed the
mountain regions of western Canada. Through the Mountain Legacy Project, these collections
are being identified, digitized, and retaken in effort to explore change in Canada's mountain
environments. MLP researchers seek to re-photograph these images as accurately as possible
and make the resulting image pairs available for further investigation. With careful interpretation,
these collections could represent the equivalent of the Rosetta Stone in understanding patterns
and scale of indigenous fire use prior to European settlement as well as providing a baseline for
landscape management and change.

Introduction

The use of fire by humans has been credited as being a major factor in human evolution. So
much in fact that its use has been identified as one of the defining characteristics of the human
species. Darwin had considered that the development of languages and the use of fire were the
two most significant achievements of humanity (a). Evidence recently found in caves like
Wonderwerks and Swartkrans has determined that the control and use of fire by early hominids
may have occurred as early as 1.5 million years ago, much earlier than originally believed (b).

With the passage of time, the knowledge of the use of fire and its benefits was gained through
trial and error and observation over generations. Fire, the significance of its use and its
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adaptation by humans, became much more that warmth, cooking, and protection from
predators.

Humans learned to use fire to change and shape the surrounding ecosystems to suite their
needs. “The most significant type of environmental change brought about by Pre-Columbian
human activity was the modification of vegetation. ... Vegetation was primarily altered by the
clearing of forest and by intentional burning. Natural fires certainly occurred but varied in
frequency and strength in different habitats. Anthropogenic fires, for which there is ample
documentation, tended to be more frequent but weaker, with a different seasonality than natural
fires, and thus had a different type of influence on vegetation. The result of clearing and burning
was, in many regions, the conversion of forest to grassland, savanna, scrub, open woodland,
and forest with grassy openings.” (c)

From there, the knowledge and use of fire continued to grow. Its research, discoveries, and
breakthroughs came through generational research, not two or three generations but hundreds,
perhaps thousands. The knowledge gained was passed on the next generation mostly through
oral tradition, practical application and use. Within nomadic hunter gather societies around the
world, concepts related to the use of fire such as when to burn, what to burn, reasons for
burning, etc. all became embedded within day to day activities with barely a thought of its use or
value. At the same time, European agrarian societies, as well as others, while still using fire, lost
the understanding of many of those concepts.

With the discovery and colonization of North America came a significant shift in land
management. The use of fire as practised for millennia by Indigenous peoples prior to European
settlement was all but stopped as settlement expanded across North America. Until recently,
anthropologists, failed to recognize the use of fire, the extent of its use, as well as its cultural
roots as part of the indigenous societies using it. As such, the knowledge known by indigenous
peoples related to the use of fire, its expanse, and its effects, was never recognized, especially
in respect to creating and maintaining biodiversity in North American ecosystems.

In addition, a somewhat mythological pattern has persisted from early European settlement
onwards, with the belief that North America was a pristine wilderness, a New Eden, a paradise
lost, etc.. As well, the indigenous peoples were considered to be a primitive stone age peoples
who did not possess either the knowledge nor the tools to create and maintain landscape level
changes on ecosystems. By not recognizing the incredible knowledge used by Indigenous
peoples in landscape management and maintaining the notion that “they were a benign people
treading lightly on the land” (d) has resulted in convoluted understanding of ecological
management in North America and practises bordering on mismanagement.

In recent years, a greater understanding of the complexity of Indigenous cultural knowledge and
practises are being recognized. The use of fire is now being acknowledged as a critical cultural
tool (amongst others) that was used to both change and maintain ecosystems. The use of fire
is recognized as being much more widespread than ever understood or believed. In recent
years, works by Stewart, Lewis, Anderson, Ferguson, Pyne, etc. have been changing
perspectives and our understanding of Indigenous practises and their impacts on shaping our
landscapes.

While there are many references to the use of fire, recent fires, etc. in journals from early
explorers, fur traders, settlers, etc., the extent of the use of fire as a tool for creating and

60



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

maintaining ecological change is not understood nor easily substantiated. “Evidence for the
purposeful use of fire by American Indians (also termed Native Americans, Indigenous People,
and First Nations/People) in many ecosystems has been easy to document but difficult to
substantiate. Commonly, many people, even researchers and ecologists, discount the fact that
the American Indians greatly changed the ecosystems for their use and survival.” (e)

The Mountain Legacy Project

Even with the use of historic photos, evidence of Indigenous burning patterns is difficult to
determine. Few photos were taken with the intent of capturing landscape vegetative patterns.
Those that were taken are often single in nature as opposed to capturing the entire landscape
with multiple photographs and stations. Critics would suggest that bias may have been brought
into the location of the camera station and/or the framing of the photograph to select the
landscape being photographed. Other images for other purposes sometimes captured the
landscape in the background but only incidentally.

During the surveying of the mountainous regions of Western Canada, Canadian surveyors
developed a unique “Photo Topographic Survey System” in which, in addition the the regular
survey equipment, they brought glass plate cameras and used them to capture a series of
panoramas from each of their camera stations. The photographs were used with a focal plane
technique and in conjunction with the collected survey data to draw the first topographic maps of
the areas being surveyed. Between the early 1860’s to the early 1950’s, an estimated 145,000
systematic landscape photographs were taken. The surveyors captured entire regions in one
season, with stations that often looked back into the same area from different perspectives
allowing for better interpretation as well as broader landscape perspectives due to the numbers
of images taken.

As the lead for the Mountain Legacy Project, the School of Environmental Studies, University of
Victoria, is leading research in respect to the various collections. Project members are utilizing
archival research, digitization of the glass plates, repeat photography, as well as scientific,
historical, and cultural analyses of repeated historical survey photographs to assess landscape
change in the Canadian Rocky Mountains over the last century. There is considerable evidence
within these collections that much of the change relates more to fire exclusion (the decline of
Indigenous use of fire) rather than modern fire suppression as is often expounded.

The Mountain Legacy Project maintains strict scientific standards for repeating the historic
imagery. Wherever possible, the repeat camera is located sub-meter to the location of the
original camera. In many cases, this will mean moving the camera and resetting several times at
a single station as the original camera was moved to obtain the best view for that specific
image. Care is taken in selecting camera/lens combinations to ensure that they are comparable
with the original cameras field of view, have appropriate resolution, as well as compatibility.
Detailed field notes are kept of each image taken including weather conditions at the time, GPS
location, site description, access, etc. These are used as reference during follow up research as
well as for future return trips to the same station for “third views”. Third views are follow repeats
of the same station in advent of time or major disturbances such as fire. This provides
opportunities for tracking ecological or landscape change over time.

Evidence of Indigenous fire at both a localized as well as landscape levels become apparent
when comparing the historic images to those from surrounding stations as well as to the more
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recent repeat photography taken by the Mountain Legacy Project. In some cases, the original
surveys plus subsequent surveys of the same region along with modern repeat images are
documenting pre-European disturbance patterns, early European settlement, and more recent
disturbances and ecological change.

The Mountain Legacy photographs provide an excellent tool for research in a variety of
disciplines. They were taken in a very systematic fashion, are well documented, have
exceptional resolution, and cover entire landscapes in the same season. In the same image,
often both historic disturbance patterns as well as early European incursions can be identified.

Analysis

Evidence of Indigenous burning patterns including specific localized sites (yard burning), travel
corridors (corridor burning) (f), or broader landscape burning can be readily seen on many
images from the earlier surveys. As a general rule, most of the Indigenous burning practises
were done outside of the more severe burning conditions found in mid summer or the peak of
“fire season”(g). This practise generally resulted in low intensity fires with much less severity.
The frequency of this type of burning, over the same areas, created a very short term fire return
interval. Over time, possibly millennia, these frequent fires coupled with bison herbivory created
and maintained rich open grassland ecosystems. Due to the short return intervals, these sites
can often be identified in the historic images, in part due to the open nature of the repeated
disturbance patterns and also through location (ie valley bottom) aspect, the lack of larger dead
and down woody material, etc. These same sites can often be differentiated from natural
openings such as sub-alpine meadows, wet land sites, etc. on the repeat imagery. Most often,
those areas in which Indigenous burning had historically occurred have grown back in with
forest cover once the frequent disturbance regime stopped. In addition, photo analysis and
interpretation can be supported through references from other disciplines as well as historical
documentation.

The following is a brief sample of an interpretation of select image pairs (historic and repeat)

from various surveys from the Mountain Legacy Project Collection. (All photos are used with
permission from the Mountain Legacy Project.)
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Castle West, Bridgland 1914, repeated 2006

Castle Mountain located above the South Castle River is critical Mountain Sheep habitat. The
west facing slopes of the Castle were maintained through frequent indigenous burning. The use
of fire by Indigenous peoples stopped shortly after the signing of Treaty 7 in 1877. Magnification
of the high resolution historic image shows light woody vegetation ingress onto the lower and
mid-slope of the mountain. Isolated Douglas Fir, surviving years of low intensity fire, are evident
on the slopes. Isolated draws have some coniferous growth particularly on north facing aspects.
The South Castle valley burnt in 1932. Heavy snow damage, occurred with an unusually late
snow event in early June 2002, resulting in considerable stand damage.
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Bellevue, Bridgland 1914, repeated 2006

The hamlet of Hillcrest was established below and east of Turtle Mountain, In the early 1900’s it
was known as “Stump Town”, the stumps being left from the large scattered Douglas Fir that
survived the frequent spring fires that burnt through the area. To the west, the Crowsnest Pass,
was a main travel corridor for Indigenous peoples crossing over the Great Divide. In the middle
left, the edge of the Byron Hills can be seen. In both images, burnt trees provide evidence of
less frequent fire events, in this case; the area burnt in 1910 and 2003 respectively.
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Lusk Creek, McArthur 1889, repeated 2012

The Lower Kananaskis River, adjacent to the Bow Corridor, was subject to frequent fire used to
maintain grass lands for bison. It was also part of 2 major travel corridors used by Indigenous
peoples. The Bow Corridor carried on beyond Banff as a travel route to the present day
Shuswap Lake area. The Kananaskis valley, Elk Valley, and finally the Flathead provided a
travel corridor well down through the Western United States. Aspect played a key role in early
spring burning limiting which fuels would respond.
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Summary

Systematic photograph collections created by early Canadian Surveyors provide a unique
opportunity for research in a number of unrelated disciplines. The repeat photography of those
same images completed to a scientific standard as provided by the Mountain Legacy Project
further enhance those opportunities by providing the ability to complete comparative analysis of
those landscapes. The use of fire by Indigenous peoples is clearly evident in numerous surveys
across the Mountain Regions of Western Canada.
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Abstract:

Although radio communication is common in wildland firefighting our research has shown that
the current training in radio communication best practices tends to be mostly informal and
inconsistent across fire organizations. Our poster focuses on the research process involved in

studying this safety issue and the goals of our grant funded research.

Additional Keywords: radio communication, communication research design, high-reliability

organizing mindfulness

Introduction
The goal of this poster presentation was to share what we have learned about the process of

conducting research on radio communication practices in wildland fire. How people talk to each
other using radios and other communication devices during an incident to maximize principles of
high-reliability organizing mindfulness is not well understood. Furthermore, the current training

in radio communication best practices tends to be mostly informal and inconsistent across fire
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organizations. By focusing attention on how interactions and sensemaking in the field are shaped
by available technologies, this study, funded by the Joint Fire Science Program, seeks to benefit
members of the inter-agency wildland fire community and the human factors research
community.

Specifically, our research project seeks to accomplish the following goals: (a) to
understand how people make sense of radio messages on an incident while distributed
geographically; (b) to understand opportunities as well as practical and cultural constraints
within current radio and other practices for communicating risk; and (c) to understand how
interactions in the field are shaped by the available technologies.

Although our overall goal may seem straightforward, the process of researching radio
communication in wildland fire is complex and presents several obstacles. Our study involves
observing communication in multiple contexts (active fire incidents, training simulations, and
dispatch centers) as well as conducting follow-up interviews, and analyzing actual radio
transmissions. This poster reveals the steps that have been taken to accomplish this type of
research with the intent of producing research articles and conference presentations that
contribute to both theory and practice and increase firefighter safety. We discussed developing
project goals, interviewing people in the field, navigating human subjects review processes, and
producing materials such as “Informed Consent Forms,” “Interview Protocols” and “Observation
Protocols”, etc.). Additionally, we engaged IAWF conferences goers in a conversation about our
project in order to learn from their experiences communicating on wildland fires. By introducing
this study to the IAWF community during the combined Safety Summit and Human Dimensions

Conferences, we gained feedback on our methods and support for our study.
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Bushfire season after season, emergency services agencies urge householders in bushfire prone
areas to plan and prepare. Yet, despite increasing investment in risk awareness and education
campaigns, agencies and research bodies continue to report that many people do not do either.
Typically, according to post-fire studies, many householders do not have a plan of action, and
wait until the last minute to leavel. This conundrum has continued to vex and confuse agencies.
What might it take to get people to prepare to survive, protect their properties and safeguard their

livelihoods?

In 2009, against a backdrop of calls for shared responsibility for disaster resilience, the Tasmania
Fire Service (TFS) set out to investigate. In partnership with the Bushfire CRC and University of
Tasmania researchers, they started researching and developing a more effective and sustainable
approach to their own community bushfire education programs. Their main aim was to
understand how householders interpreted risk and what influences drove their decisions on
whether to plan and prepare. These new insights would, in turn, helped TFS refine and target

messaging, resources and interventions. Over the next few years (2009-2013), from that initial
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concept, the agency-research partnership co-developed, piloted and refined a new practical
community engagement model, which ultimately transformed TFS’s thinking and approach to

bushfire mitigation.

Under the new approach, the agency takes on a facilitator role, connecting, supporting and
enabling communities and householders to take the necessary steps to plan and prepare. TFS
provides guidance, tools and templates, as well as resources and targeted interventions. But in
many cases they remain in the background so that the community can lead and drive the action.
In this context (Paton 2006), agencies “act as consultants to communities rather than orchestrate

the change”.

By 2015, the new TFS community education approach, entitled Bushfire Ready
Neighbourhoods, had been integrated into operations and rolled out to over 40 communities
across Tasmania. Along the way, TFS earned the support of the three tiers of government for the
initiative, and was recognised by the Australian Government in 2014 with a State and National
Resilient Australia Award for its contribution to promoting and building disaster resilient
communities. In 2015, TFS’s Community Development Coordinator, Peter Middleton, detailed
the program at the International Association of Wildland Fire Conference in the United States.
This case study describes how TFS contextualised, piloted, implemented, adopted and evaluated
research, from the initial concept through an adoption pathway to integration within its core

operations.

70



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

Bushfire Ready Neighbourhoods, TFS’s community development program, has been built on the
premise that there is no one-size-fits-all solution to community resilience and preparedness.
Shared responsibility for community resilience, says Peter Middleton, is a complex challenge
that aims to change behaviour. “And while we at TFS have come a long way, we know there is

still a long road ahead,” he explains.

TFS’s clear objective has been to help develop, support and grow community resilience to
bushfire by empowering communities to plan and prepare. In order to make that happen it has
had to re-engineer its practices and operations to engage at-risk communities fully in bushfire
preparedness.

Conclusion

The use of evidence and research to support decision making and evaluation, together with the
application of best practices in community engagement, project management and organisational

learning have been critical to the agency’s success to date.

Critical factors include:

e Collaborating with and actively involving all stakeholders (internally and externally);

e Being innovative, flexible and creative in their approaches, such as considering different
modes of learning by developing a suite of various resources and ways of presenting
information;

e Training and development of TFS staff and volunteer brigade members to expand their

skills and knowledge;
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e Investigating and applying sector research findings, peer benchmarking and presenting
the program at sector, state, national and international conferences (e.g. Human
Dimensions of Wildfire Conference 2015 — USA), and publications (e.g.
http://wildfiremagazine.org/article/bushfire-ready- neighbourhoods-we-all-play-a-part/);

e Reinforcing the brand of the program “Bushfire Ready Neighbourhoods. Individuals,

TFS, Communities. We all play a part.”
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Abstract:

Recently increasing extremes in fire weather and events have highlighted deficiencies in
traditional bushfire hazard management. Australian policy has yet to effectively apply social
dynamics into bushfire resilience which may explain why traditional approaches fail to
sufficiently protect communities. Ku-ring-gai, NSW, Australia has a history of bushfire impact
due to climate, extensive urban-bushland interface and population density. To better prepare for
bushfire, Ku-ring-gai Council adopted a shared responsibility approach using the Climate Wise
Communities (CWC) program. Interactive exercises and scenarios facilitate assessment of
extreme weather vulnerability and planning for improved resilience. In collaboration with
emergency services, Government, and not-for-profit agencies Council delivered targeted
workshops to highly vulnerable sectors and localities. Over 220 have participated including
families, neighbourhoods, community groups and social services. Aged care and early childhood
businesses also trialled a multi-hazard approach successfully. Participation guides timely
evacuation, property resilience and realistic stay and defend assessments. Outcomes include

better household preparedness and decision-making. Continuing program refinements will

develop networks to build independence and aid recovery that will also integrate small business,
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property owners, women’s groups and non-English speaking residents. The authors propose that
social dynamics adds much needed latitude and flexibility to traditional bushfire risk

management.

Additional Keywords: bushfire, CWC, climate adaptation, resilience, shared responsibility,
preparedness, social dynamic
Introduction

Climate

A comprehensive evidence base demonstrates that the global climate is changing (IPCC,
2014). The scale of the warming has often been unprecedented for millennia and the most
recent decades have been some of the warmest observed on record. The risks emerging from
these changed weather patterns feature more frequent and intense extreme weather events that
put communities, environments and economies at risk and demand a response from decision
makers into formulating actions to reduce vulnerability by strengthening preparedness.

In New South Wales, Australia the rate of the warming has accelerated in recent decades. The
period of 1997-2013 was an unprecedented series of warm years with some of the hottest on
record (NSW OEH, 2015). The NSW and ACT Regional Climate Modelling (NARCIiM)
project has generated downscaled projection models using the IPCC high emissions scenario
A2 to map temperature, rainfall and Forest Fire Danger Index for twelve regional areas of
South-east Australia (Evans et al., 2014). For the Sydney region maximum and minimum
temperatures are projected to increase with more hot days (above 35°C) and fewer cold nights.
Rainfall variability is projected to shift seasonally, increasing in Autumn and decreasing in
Spring. These projections exacerbate the fire weather risk which is expected to increase as a
result, mainly during spring and summer — the typical prescribed burn periods and peak fire
risk seasons (NSW OEH, 2014).

Locality, choices, vulnerability

These projections present challenges for local government areas such as Ku-ring-gai on
Sydney’s upper North Shore. Ku-ring-gai is a typical example of Sydney’s complex
topography intersecting with dense residential development. The municipality covers 8400 ha
with a population of 120,978 (ABS, 2014). Past land use planning decisions have resulted in
urbanised ridgetops often accessed by a single road and enveloped by extensive tall dry
eucalypt forest on steep slopes. Much of this bushland is contiguous with larger natural areas in
National Parks to the north, south-west and east, making it one of the most bushfire-prone
areas in Greater Sydney and Australia-wide (Chen, 2005).
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Despite, its bushfire-prone status, living in Ku-ring-gai is often described as a lifestyle choice.
Amongst other things the areas proximity to transport, services and good schools, historic
homes, sense of community and physical setting are a drawcard. Peoples choices of where to
live do not necessarily acknowledge potential risk from natural hazards. This may be a result of
their priorities, lack of knowledge or experience of a natural disaster or social-demographic
characteristics (Solangaarachchi et al., 2012, Morrison et al., 2014, Winter and Fried, 2000
cited in Cottrell, 2005, McCaffrey et al., 2011). These elements may effect a person’s risk
perception which can ultimately influence their choice on where they reside (eg. the urban
bushland interface) and whether they take specific precautionary actions.

Traditional management

Ku-ring-gai has experienced a range of extreme weather events in the past and has a history of
destructive fires impacting the urban-bushland interface. Large scale and intense bushfires
impact the area on average once every 10 years (HKBFMC, 2010). To assist in reducing the risk
and impact of bushfire on life, property and environment, land managers have statutory
obligations and are committed to undertaking fuel management. However, recent fire events
across Australia have demonstrated that traditional hazard reduction measures are inadequate
in the face of large scale, catastrophic fires (VBRC, 2010). This is compounded by reduced
opportunities to undertake prescribed burning and decreased effectiveness of hazard reduced
areas to provide protection under extreme conditions (Lucas et al., 2007, Hennessy et al., 2005,
McCarthy and Tolhurst, 2001 cited in Fernandes and Botelho, 2003).

Consideration of a resilience focus

In a national inquiry into bushfire mitigation and management following the 2002/03 fire
season, Ellis, et.al (2004) concluded that we need to adapt the way we plan and respond to
changed fire regimes. Although policy developments continuously demand more intensive fuel
management treatments, it is evident communities remain at significant risk if they solely rely
on land managers and fire agencies to protect them. The situation demands consideration of
community and residential scale adaptation measures to encourage individuals to contribute to
their own personal protective measures. Local governments have a duty of care under law and
a moral responsibility for the welfare of their communities. Understanding this, Ku-ring-gai
Council has invested in research to develop a program that assists residents to assess their
vulnerability to extreme weather events and build resilience to bushfire and other natural
hazards. According to the regional climate modelling such events are more likely to impact the
Ku-ring-gai area in the future (NSW OEH, 2015, Taplin et al., 2010).

Features of bush fire vulnerable communities

Every year extreme weather events disrupt human and natural systems. These events tend to be
viewed as disasters when they interact with a vulnerable human population and in doing so
disrupt the function of the community beyond its normal adaptive capacity (Blaikie et al., 2004,
Smith, 2013). A community’s vulnerability may be generated by social, economic, political and
environmental processes that influence how hazards, in this case bushfire, affect people and
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their connectivity to norms (Blaikie et al., 2004). What causes the vulnerability may not simply
be the geophysical characteristics of a location and hazard exposure but a complex interaction of
socio-economic and psychological elements. For example, a resident may perceive their risk as
low and fail to adequately prepare as a consequence. Studies undertaken within various fire-
prone communities relate this to the diversity of people living in these areas. Variations may be
as a result of diversity in trusted information sources, perceptions of local fire behaviour and
direct fire experiences. Diversity in perception may also relate to gender, ethnicity, length of
time in the area, education, age and economic capacity (Erikson and Prior, 2011, Champ et al.,
2013). In a study by Cheney (1996), in which the use of prescribed fire to reduce bushfire risk
was generally supported, the author acknowledged that prescribed burns can promote a false
sense of security and over-reliance on the efforts of others leading to a failure to undertake their
own pre-fire preparations (Cheney, 1996 cited in Fernandes and Botelho, 2003). It is generally
accepted that people need to perceive a risk in order to be motivated to address it (McDaniel,
2014). However, in some cases, even if the perceived risk is high this does not necessarily lead to
better household preparedness(Cottrell et al., 2008). This suggests that the usual methods
employed to distribute, communicate and motivate bushfire preparation need to be tailored to
suit a specific audience and to empower them to take responsibility for action. These messages
need constant reinforcement as complacency in people’s behavior towards bushfire risk
mitigation often occurs and an ability to deny or discount hazard potential is recognised as an
ongoing issue for bushfire managers (Clode, 2010, Beebe and Omi, 1993 cited in Champ et al.,
2013).

The way bushfire preparation messaging is communicated is a critical component in
vulnerability assessment. In the context of community engagement and bushfire preparedness
mass communication of standardised messages do not accommodate the variability within and
between communities and often lacks local context. Prior and Patton (2008 p. 11.) suggest that
approaches which encourage the community to interact with each other and emergency services
are more likely to generate:

‘...a higher level of collective preparedness and a stronger sense of community’.

This kind of communication can be facilitated by the presence of interconnected networks and
trusted relationships between people where information is exchanged on shared risks. This can
lead to critical collective action enabling communities to cope with extreme weather events
(Akama and Chaplin, 2013). Akama et.al. (2012) conducted research into the way people utilise
their social networks to increase bushfire awareness and preparedness. The researchers found
that some participants had many social connections which demonstrated reciprocal community
support whereas others had a very insular network which left them socially isolated and
vulnerable as they were completely reliant on a single individual for information and local
knowledge.

Strong community networks and sense of community acts to support services and economic

characteristics vulnerable to disaster impacts particularly the ongoing stress of recovery. An
example can be found in small village settings or local neighborhood shopping precincts

77



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

servicing small communities. When affected by a bushfire, residents are often temporarily
displaced. This has flow on effects to local economies as the market size reduces forcing the
business to cope with lower cash flows and in turn reducing local employment opportunities
(Regional Australia Institute, 2013). Often this results in a further population exodus as some
businesses become unviable which can increase the vulnerability of the entire community and
reinforces the impact of the disaster (Vigdor, 2008 and Dalhammer and Tierney, 1998 cited in
Regional Australia Institute, 2013).

Improving resilience

Fire managers are facing increasing complexities regarding the effectiveness of management
decisions as our climate continues to influence erratic and challenging fire weather conditions.
As a result, effective strategies for reducing exposure to loss need to be multi-dimensional
(Simmons and Adams, 2004). There is increasing momentum for the facilitation of agency-
community networks to strengthen resilience in communities facing extreme bushfire risks.
Key objectives of the Australian National Strategy for Disaster Resilience are to foster resilient
communities through partnerships and cooperative effort to improve understanding and
appropriately prepare for extreme events (COAG, 2011). But how do we know what a resilient
community looks like when standardised messaging focuses so heavily on properly preparing
homes for the bushfire season ahead and writing a bushfire survival plan?

Resilience is a complex suite of factors that the US National Academy of Sciences defines as:

“...the ability of local communities with support from all levels of government and the private
sector to plan and prepare for, absorb, respond to, and recover from disasters and adapt to
new conditions”. (National Research Council, 2012 p.1.)

Resilience also relies on a behavioural psychosocial element that may, for example influence
an individual’s capacity to choose whether to stay and defend or the way they respond to
disruption and displacement (Bosomworth and Handmer, 2008, KMC, 2012). The authors of
this paper contend that resilience is a combination of all these elements at personal, property
and whole of neighbourhood levels (KMC, 2012).

Social research suggests that individuals who feel they belong in their community are more
likely to be involved in that community and take preparation actions (Paton and Wright, 2008).
Solangaarachchi et.al. (2012) found in Ku-ring-gai that community interactions help people to
share their experience, knowledge and resources about bushfire. Traditionally, the community
has not always had the opportunity to be a part of their own education. Message creation and
delivery was the responsibility of the emergency services. These agencies typically function in
a command and control manner leaving the community to assume they don’t play a role
(Overton, 2015). In order to share the responsibility for bushfire or other disaster preparedness,
emergency management agencies need to break down the ‘them’ and ‘us’ silos by participating
in trusted networks.
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McLennan and Eburn (2015) consider that ‘real world’ wildfire management is a hybrid
system in which control, choice, public values and private interests are prioritised and that
there are trade-offs between all of these. These trade-offs can be reflected in the way agencies
undertake community engagement. Instead of a top-down approach, agency-community
relationships can be about facilitating an understanding of bushfire or other extreme weather
risks and fostering knowledge exchange to enable people to make more informed decisions
regarding triggers for timely evacuation, property resilience and their capacity to stay and
defend.

Following the devastating Black Saturday fires in Victoria 2009, fire managers across Australia
reviewed the way they approached community engagement (VBRC 2009). In response, Akama
et.al. (2012) developed a community engagement methodology which looked at improving the
way preparation messages are formulated and distributed. Their research suggested that the
command and control method represented in standardised messaging was seen as
disempowering by the community. In response, Akama et.al. developed a series of activities to
encourage a dialogue between agencies and at risk communities. The ‘design methods’
developed used a combination of visual objects and ‘flash’ cards to assist participants to
interpret and articulate collective knowledge about strengths and vulnerabilities within their
neighbourhoods, define their social networks and heighten their awareness to emotive response
in unexpected scenarios (Akama et al., 2012). These methods enable individuals to
comprehend the complexities surrounding bushfire impact. Importantly such methods also
reveal how informed contingency planning can play a vital role in potentially life or death
scenarios.

Implementing Climate Wise Communities

In 2012, Ku-ring-gai Council, having completed a climate change adaptation strategy was
considering options for implementing a community networking program to build
neighbourhood capacity to prepare for and recover from extreme weather events. Ku-ring-gai
Council worked with RMIT to adapt their design methods to suit the Ku-ring-gai context and
implemented the Climate Wise Communities initiative (CWC).

The Climate Wise Communities program designers worked with emergency services, NGOs and
other Government agencies working in the field of disaster resilience and in particular bushfire to
ensure consistency with their messaging. While a gradual shift was occurring toward education
of ‘at risk’ groups to improve resilience, most other resilience programs were still on the drawing
board as CWC activities commenced. A pilot program consisting of three locality based
workshops was undertaken in 2012 in areas where the bushfire technical officer assessed the risk
was ‘extreme’ for the coming fire season. The three locations selected were very different
contexts in which to test the model for its flexibility and applicability to diverse scenarios.

The first workshop was situated in a neighborhood with an active fire history. Residents had

formed a community fire unit (CFU) who were well equipped and trained in defending homes in
the event of a fire. This neighborhood was somewhat divided into two, those in the CFU and
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those who were not. The CFU members generally lived on the bushland interface while the
‘others’ lived in homes on the other side of the street so deemed themselves to be less at risk
even though recent history had demonstrated this was not so.

The second group lived in an area that had not seen a major fire for several decades.
Complacency was evident with those who attended commenting that others in their street needed
to be there but would not make the time to attend. Those attending were a mix of long-term
residents and others who had come more recently. Non-English speaking background people
were very interested in how to communicate the risk and plan resilience to others in their cultural
and linguistic groups.

The third group consisted of residents located close to a primary school and many of those who
attended were parents of students in the school. These families were unaware of the level of risk
of bushfire in their area and hadn’t given much thought to how vulnerable their homes and lives
were to this risk. Several retired residents had experienced bushfire in the area and were very
concerned about how they would cope now being less physically capable in the face of a fire
such as they had experienced in the past.

Reviewing the pilot program assisted Council staff to better understand how to target at risk
groups. Council then decided to roll out the CWC program following a bilateral strategy. The
first strategy would continue to target residents in high risk locations for bushfire. The second
strategy would target sectors of the community deemed “at risk’ and included aged care services,
early childhood businesses, seniors living alone, cultural and linguistically diverse residents,
small businesses and women particularly those with small children living at home.

Each workshop is structured according to the specific needs of each target group. Locality based
workshops focus in the physical, social and to an extent the financial characteristics of the
context. By using aerial photographs of the area Council staff working with the emergency
management agencies can point out good and bad features that have influenced fire behavior in
the area and how different weather characteristics could influence future fire behavior. The maps
also serve to help residents better understand the logistics of evacuation with police explaining
how they handle emergencies and why evacuations sometimes go wrong.

Sector based workshops also use the aerial maps to enable people to better understand how their
business, clients or service might be impacted. Again with the assistance of the emergency
services they can better appreciate the practicality of their emergency management plans they
have in place or gather data to create or review emergency plans in the future.

As workshop participants delve down to the level of their property and determine how vulnerable
it is to bushfire they build a picture of the reality of their circumstances, particularly in relation
to:

- How vulnerable their home is to ember attack;

- How vulnerable their home is to radiant heat;

- How defendable is their home to bushfire;
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-  How will they cope personally in the event of an emergency that requires physical
resilience and an ability to organize and focus;

- Who can they call on for assistance if needed;

- Who might call on them for assistance;

- What are appropriate triggers for them to use to decide whether to stay or leave;

- Has their emergency management plan taken into account the full range of variables that
might affect the way their plans work;

- What alternatives exist to their first option if that option is no longer open to them;

- What contingencies can be taken in advance to reduce the range of variables that could
occur.

These workshops build up an appreciation of the personal circumstances of a family or business
and a neighborhood. Emergency management agents explain that in the case of a large scale fire,
it is likely people will be on their own to make decisions and not to expect a fire tanker to be
present.

As the program developed, the importance of understanding the context of the audience became
increasingly relevant. For example one workshop was for a community group that had long
insisted that Council or State Government needed to construct a second road as a supplementary
evacuation route in the event that the main road access was cut in bushfire. This community
group had received many explanations over the years to justify why a supplementary evacuation
route wasn’t likely to help solve any evacuation dilemmas in this location. However, the group
persisted with the notion that this wasn’t so. When the CWC workshop was planned for this
group it was deemed a different approach again was needed.

In this workshop, the Council officers designed a ‘scenario’ for a possible bushfire event to
‘walk’ the workshop attendees through the processes occurring amongst the fire and land
management agencies during a typical fire event. As each stage of this fire scenario unfolded,
each agency explained what action they would be taking at that point. The community members
were also asked the same question, what would you be doing at this point, under these
circumstances.

The hypothetical exercise worked very well as it demonstrated that agencies were
communicating effectively, their messaging was consistent and their actions precautionary. The
same could not be said for the readiness, knowledge and communication between the residents.
With the logistics of how events unfolded in the scenario, it became very evident to the residents
that the safest option to prevent an issue from occurring around the evacuation route was for
them to leave early. The lesson learned here was that if people have retrofitted their home to be
more resilient to ember attack and radiant heat without the need for them being present, they are
more likely to be confident in making a timely decision to leave early.

The significance of all workshops trialed to date focused on the concepts of building trust,

sharing responsibilities, and fostering conversations which are often driven by the participants
themselves. Apart from learning from lived experience of bushfires, participants also started
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connecting with others to discuss neighborhood resilience. It is hoped connections may lead to
future networks developing and help these communities become more effective in preparation
and recovery in bushfire events.

Conclusion

Global warming is increasing the risk of extreme bushfire events. Despite policy developments
demanding more intensive fuel management treatments as a risk abatement strategy, it is
evident that communities remain at significant risk if they solely rely on land managers and fire
agencies to protect them. The dependence on hazard reduction burning as the primary risk
management tool has a range of unintended consequences including creating a false sense of
security in vulnerable communities. The result is that communities are generally under-prepared
for the current level of fire risk experienced, let alone an increase.

There is a need to balance operational bushfire risk management strategies with community
oriented capacity building around the personal, property and neighborhood scale in order to
increase resilience to bushfire impacts. The momentum is building for the facilitation of agency-
community networks to foster resilient communities through partnerships and cooperative
effort. New bushfire engagement methods are challenging more traditional strategies that have
been based on a command and control approach that struggles to engage the community. The
goal of strengthening community resilience through shared responsibility requires a more
contextually specific program that can demonstrate a positive cost benefit result from household
investment in resilience. The CWC program has successfully adapted a range of tools developed
by RMIT University that engages localities and sectors at risk of extreme events in resilience
capacity building. The CWC program aims to improve psychological preparedness and decision
making capacity, allowing residents to make more informed decisions regarding strengths and
weaknesses of their home and their bushfire survival plans. At the neighborhood or sector level,
CWC starts conversations and strengthens networks as the facilitated activities encourage
sharing of local knowledge.

The next steps in this program are to analyse the potential for building more formal relationships
between community networks and local emergency operators to strengthen lines of
communication before, during and post extreme weather events. The authors propose that a focus
on social dynamics, through programs like CWC adds much needed latitude and flexibility to
traditional bushfire risk management. By developing or strengthening the social dimension, more
effective outcomes should evolve for communities living with bushfire risk.
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Methods for visualization and classification of fire risk in Brazil
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Abstract:

[The occurrence statistics of forest fires are the tools to define the profile of the fires for more
efficient control based on knowledge of local and seasons of higher occurrence. Despite the
importance of the matter there are no updated statistics enabling to know the profile of forest
fires in the states of Brazil. An alternative the difficulties presented is identify the distribution of
hot spots on the surface that persist over time. The challenge in analyzing these data sets is
develop techniques to facilitate analysis, visualization and interpretation of results. This study
presents the use of a principal component analysis (PCA) to extract the high dimensionality of
the input variables and design the data set over a 2-D space and a self-organizing map (SOM) for
data visualization and subsequently, to create a classification system of fire risk through the
clusters in the SOM map. The results indicate that the first two principal components account a
large percentage of cumulative variance for explaining the data patterns. SOM is suitable to
visualize the distribution of fire risk in the states and the correlation between the input variables
on a monthly basis. This visualization is also used to create an understanding which states are
related to each cluster]

Additional Keywords: [Hot Spots, dimensionality reduction, multivariate analysis, neural
network]

Introduction

The author is graduated in Forest Engineering by the Federal University of Espirito Santo, Brazil
(2011). Masters in Forest Science by the Federal University of Espirito Santo (2014). Is currently
PhD student in Forestry Sciences by the Federal University of Espirito Santo. His research
covers the areas of geotechnologies, forest fires and intelligent methods. In essence, this work
provides the science and technology to meet the needs of fire management agencies for
prediction and management of forest fires in Brazil. This study allows to institutes establish
protection measures of natural resources by knowledge of local and seasons of higher occurrence
of forest fires in the states of Brazil.
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Extended abstract
Introduction

Fire management effectiveness and the safety of firefighters strongly depend on accurate predictions of fire
behavior. The most common cause of fire-related accidents is failure to predict changes in the behaviour of the
propagating fire front (Viegas 1993). When moderate simultaneous changes in the three main groups of factors
determining fire behavior (fuel, weather, and topography) become ‘aligned’, fire behaviour can rapidly switch
from apparently harmless to devastating (Campbell 1995). Accurate prediction of changes in fire behaviour is
impossible if all of these important factors are not fully taken into account. While weather and topography are
well-studied and sufficiently represented in the fire modeling systems that are currently used operationally, fuel-
related variables are only partially considered. Currently the potential rate of simultaneous combustion of live
and dead vegetation is evaluated using mostly water content of dead fuel. Species-specific changes in water
content, dry matter content, chemical composition, density, and hence in flammability of live plant tissue are
determined by physiological state of individual species composing a forest stand according to their phenology,
growth conditions, and level of natural disturbance. Due to unique biophysical and chemical properties and
characteristics of combustion of live plant tissue, the existing methods designed for dead fuel flammability
assessment may not properly represent live fuel or combinations of live and dead fuel. The aim of this study is
to resolve this issue and to improve the understanding of live fuel flammability which was examined in relation
to water content, dry matter content, and density using the test conditions which are more representative of a
frontal flame than existing techniques.

Background

Issues associated with the combustion of live fuels are among the most important factors limiting the use of
physically-based fire modeling (Finney et al. 2012). There is no commonly accepted definition or measure of
live fuel flammability which leads to large variety of methods and variability in results. Live fuel is usually
represented by testing foliage only; however the live plant material consumed by the frontal fire consists of
shoots which include twigs (roundwood) less than 1 cm in diameter and the attached foliage (Stocks et al.
2004). Oxygen bomb calorimetry determines the heat of combustion of oven-dry plant material in pure oxygen
environment. Differential scanning calorimetry is characterized by small sample size, low heating rates, and
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efficient removal of pyrolysis and combustion products; this can lead to misrepresentation of fuel properties and
the conditions of live fuel combustion in the atmospheric air.

Oxygen consumption calorimetry using a cone calorimeter (Babrauskas 1984) allows a more detailed evaluation
of live fuel flammability by measuring heat release rate from the chemical reaction of the fuel with atmospheric
oxygen (Babrauskas and Peacock 1992) and estimation of effective heat of combustion (Babrauskas 2006;
Weise et al. 2005; White and Zipperer 2010). However, the radiant ignition flux of 25-50 kW m~2 of the cone
calorimeter usually used is totally insufficient to provide the conditions of the flaming front reported (over 300
kW m~2 combined radiative and convective ignition flux, 5-15 seconds ignition delay time, 50-70 seconds
flaming front residence time, and over 30°C sec™! heating rates) (Frankman et al. 2013; Wotton et al. 2012).
Consequently in many cases, tested green samples exposed to the 25 kW m radiant ignition flux did not sustain
ignition, and if ignition occurred, ignition delay time was on average 120-150 sec (Weise et al. 2005).

It has been suggested that the combustion of live fuel occurs simultaneously with water evaporation (Finney et
al. 2010). The endothermic process of water evaporation and the presence of considerable concentrations of
water vapor in the resulting gaseous mixture (Ferguson et al. 2013) as well as oxygen deficiency in the flames
interaction zone of neighboring fuel particles (Pickett et al. 2009) strongly affects all stages of live fuel
combustion causing incomplete combustion (Byram 1959). While these energy release losses are well-estimated
by oxygen consumption calorimetry for live fuel burning separately, there is little information on the possible
effect of high water content of burning live fuel on the incoming frontal flame. The hypothesis of this study is
that energy release losses due to incomplete combustion are significant not only for outgoing flame from the
recently ignited live fuel particle, but also for incoming frontal flame (Fig. 1). Due to this hypothetical energy
release drop for the incoming frontal flame in the flames interaction zone, the resulting energy release growth
caused by the introduction into the frontal flame of the new live fuel particle can be less than energy release of
this burning particle if measured separately. Thus the traditional oxygen consumption calorimetry method likely
overestimates the energy contribution of the burning live fuel to frontal flame intensity and propagation.

Fig. 1. Hypothetical energy release losses for the incoming frontal flame due to incomplete combustion caused
by high water content of live fuel and oxygen deficiency in the incoming and outgoing flames interaction zone.
Vertical orientation of the fuel particles represents the experimental setup and the apparatus

Negative effect af live fuel on the
incoming frontal flome energy release
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Methods

Linear propagation of the frontal flame can be presented as the consequent gradual transition of the system of
the interacting flames of the currently burning fuel particles (for example P1, P2, and P3) (Fig.1) to the
unburned part of the fuel (a recently ignited live fuel particle, P4). The recently ignited live fuel particle is
involved in the two simultaneous interactions. (1) It is exposed to the radiative and convective heating of the
incoming frontal flame created by the currently burning particles while it simultaneously causes a negative
effect on the incoming frontal flame energy release in the flames interaction zone. (2) It produces an outgoing
flame and heat release which will be further used for the ignition of the next fuel particles. In this study, the
flammability of live fuel, defined as its energy release contribution to the frontal flame intensity and
propagation, was evaluated using a paired linear flame propagation model which considers both interactions (1)
and (2) presented above:

[Incoming frontal flame = current fire front intensity] 2 [Recently ignited live fuel particle] — [Resulting
outgoing flame = next fire front intensity] (1)
These conditions were experimentally simulated using the flame from a 100x100-mm calibrated open methane
burner placed underneath a 100x100-mm sample of new, 1-year, and 2+ year old shoots of white spruce (Picea
glauca) (Fig.2). Heat release rate (HRR) and effective heat of combustion (Hefr) during the first 60 seconds of
combustion (average frontal fire residence time) were measured using an oxygen-consumption calorimetry
method developed for the study which provides the test conditions which are more representative of a frontal
flame than either bomb calorimetry or radiant heating from a cone calorimeter. The common opinion that
radiative heat transfer is the dominant form of heat transfer with flame propagation (Albini 1985) has been
questioned by many authors (Anderson 1969; Van Wagner 1977; Beer 1991), while a study by Frankman et al.
(2013) concluded that convective heating is as important as radiative heating. The nominal energy release 500
kW m™ of the calibrated methane burner provided high-intensity combined convective and radiative external
ignition flux, extremely high heating rates, a consistent ignition at several seconds ignition delay time, and on
average 60 seconds flame residence time.

Fig.2. Experimental setup (from bottom to top): load cell, methane burner, incoming methane flame, wire-mesh
sample holder, burning live fuel sample, outgoing flame (methane flame with the burning sample within the
flame)
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HRR of the incoming flame (open methane burner) was measured with separate test runs with an empty sample
holder before and after each test set; the incoming flame HRR baseline was calculated as the average of these
two test runs. This measured baseline heat release rate was compared to the measured mass flow rate of
methane to confirm the result. Differential Heat Release Rate (lHRR) was calculated as the difference between
outgoing flame intensity (HRR of the methane flame with the burning sample within the flame) and incoming
flame intensity (baseline HRR of the methane flames alone). The flammability of the fuel sample was defined
and evaluated as its energy release contribution to the incoming methane flame and calculated as Differential
Effective Heat of Combustion (dH): difference between heat release of the methane flame with the burning
sample within the flame and heat release of the methane flame alone during the first 60 seconds of combustion
(integral of the dHRR) divided by sample mass loss.

Results

The high water content of shoots and substantial losses of energy for water evaporation caused increased
ignition delay time. Flammability, defined as an energy release contribution of burning fuel to the frontal flame
intensity and experimentally measured as differential effective heat of combustion (dH¢f), is strongly affected
by water content of live fuel. The water content of 1-year and 2+ year old shoots caused a notable decrease in
shoot flammability. For new shoots, with water content over 180%, the calculated energy release contribution of
the burning live fuel to the incoming methane flame (dHefr) was negative, meaning a substantial reduction in the
energy release rate for the incoming methane flame. This supports the hypothesis that high water content of live
fuel has substantial negative effect on the energy release of the incoming frontal flame. According to these
results, new shoots actually suppress the combustion process of the incoming flame of the approaching fire
front. The flame front constantly emits large amounts of energy into the environment (depending on weather/
fuel/ flame characteristics) in the form of convection and radiation. For the frontal flame to propagate (to sustain
equilibrium state or growth), it requires a constant positive energy release contribution at or above a threshold
value from each burning fuel particle. Hence, low-positive and negative values of the energy release
contribution (with water content of live fuel above a certain value) will mean frontal flame intensity decreases,
eventually extinguishing the frontal flame.

Conclusions

The conditions of frontal fire are much better represented in the proposed experimental method than in existing
techniques. In this study a combined radiative and convective energy transfer was used, providing heating rates,
ignition delay time, and flaming duration time comparable to those measured in natural fires. The range of live
plant material consumed during the tests was the same as consumed by frontal flame (twigs {roundwood} less
than 1 cm in diameter with the attached foliage). Unlike other studies, flammability is defined and measured as
a potential energy release contribution of live fuel to frontal flame intensity and propagation. Both for the
outgoing flame from the burning sample and for the incoming methane flame, the test method accounts for
water content and oxygen deficiency-associated energy release losses due to incomplete combustion, allowing
more realistic estimations of flammability. The results of the study showed the strong negative effect of water
content on the energy release of the incoming frontal flame and flammability of live fuel. The proposed method
can be used for estimation of live fuel flammability conditions for prescribed burn planning; evaluation of
flammability of new fuels, such as disease and insect damaged stands; comparative estimation of flammability
of different fire-resistant species; choosing optimal species composition and spatial structure for stand tending;
reforestation; and fuel treatments in the wildland-urban interface. Further development of the proposed method
will allow quantification and reliable prediction of the flammability of live fuel and eventually inclusion of this
important variable in the fire modeling process providing higher accuracy of fire behavior prediction, and
therefore higher level of fire management efficiency and fireline safety.
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Applying the ISO 31000:2009 Risk Management — Principles and Guidelines
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Abstract:

Managing risk in the wildland fire management business is seldom, if ever, managed to zero risk.
Presented is the application of the International Organization for Standardization, ISO
31000:2009 Risk Management — Principles and Guidelines for informing wildland fire, risk
management decision making. This international standard provides a consistent framework for
systematically defining the effects of uncertainty on organizational objectives, understanding that
risk can result in positive and/or negative outcomes.

In combination with a consistent risk profile structure and the application of decision making
psychology it provides an improved science based method for improving the delivery of
preferred outcomes and defendable due diligence decision making. The objective, to implement a
system that acknowledges and adapts to the strengths and limitations of intuitive and logic
decision making.

This in turn provides a point of application for the existing wildland fire and social science
research while providing an operational feedback mechanism for identifying research gaps and
weaknesses. Its organization wide application also provides a monitoring and review cycle that
tracks the changing risk environment and provides for the continuous improvement of an
organization’s risk management processes and ultimately its risk management culture.

Additional Keywords: [risk profile, risk assessment, controls, safety, severity, likelihood,
exposure, values, vulnerability, decision making, economics]
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Introduction

The business of Wildland Fire Management is a complex operating environment of ongoing risk
management decisions that strives to achieve an acceptable balance of social, economic and
environmental considerations. Managing the risks and making risk management decisions
associated with the wildland fire operating environment is the very substance of what the
Wildland Fire Manager does. In this context Wildland Fire Management is synonymous with
Wildland Fire Risk Management. By extension the Wildland Fire Manager is the Wildland Fire
Risk Manager (Risk Manager) and the International Organization for Standardization, ISO
31000:2009 Risk Management — Principles and Guidelines (ISO 31000) provides the principles,
a framework, and a process for managing wildland fire risk.

Good risk management contributes to the achievement of an organization’s objectives through
the systematic and repetitive application of risk management processes and systems. These
processes and systems assist risk managers to identify, analyze and evaluate the risk components
and the contributing risk drivers. By systematically assessing the effects of uncertainty on their
organization’s objectives, risk managers can identify priorities, implement controls and make
informed decisions on a course of action to maximize the chance of gain while minimizing the
chance of loss. To be effective it is important to consider and understand all available
intelligence relevant to a business activity and to be aware that there may be limitations or
uncertainties in that intelligence.

Risk management is a proactive and ongoing process and should be integral to management and
decision-making at all levels, integrated into practices and the very culture of the organization
and its business activities. To be truly effective it needs to be applied as an organizational
doctrine across all business sectors to ensure efficiency, consistency and the reliability of results.
Ongoing monitoring and review is equally important for tracking real-time changes in the risk
profile and taking corrective action, plus committing to continuously refining their risk
management processes and systems.

The ISO 31000 was developed for this purpose.
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The Psychology of Decision Making

The application of the ISO 31000 is not particularly complicated nor is its processes entirely
foreign to most people. Most people have well developed risk management instincts from years
of living in and adapting to an assemblage of societies and cultures abundant with health, safety,
socio-economic and environmental risks. Each day a person unconsciously makes dozens if not
hundreds or more risk management related decisions for achieving their personal objectives as
well as relatively fewer but more thoughtful, conscious assessments and decisions (Kahneman
2013). The ISO 31000 formalizes the latter, logic decision making process but its application
must not ignore the dominant influence of the former, intuitive decision making process.

Nobel Prize winning psychologist Dr. Daniel Kahneman, in his 2013 publication Thinking, Fast
and Slow (Kahneman 2013) uses the analogy of two systems (System 1 and System 2) to explain
how people assess situations and make decisions. This analogy is a simplification of reality and
editorial license has been taken by the author of this document for brevity and operational risk
manager comprehension and application.

System 1:

System 1 represents the intuitive decision making process. It is developed experientially and
operates unconsciously with little or no realization that it is constantly evaluating the
environment, making decisions and producing reactions'. Sometimes expressed as the
involuntary or automatic system, it operates rapidly and requires little mental resources,
concentration or energy. It is very efficient in what it does.

While System 1 (Intuitive Decision Making) is mostly in control, and usually correct in its day-
to-day judgements, it is substantially influenced by numerous bias producing processes?. It has
little capacity for statistical analysis and can be prone to drawing conclusions from little
information or information of little accuracy.

The intuitive mind can be trained to some extent with practice and repetition in a consistent and
stable environment that includes rapid, unequivocal feedback about the correctness of the
assessment(s) and action(s). It however remains susceptible to the previously mentioned bias
producing processes. It is also impaired by such things as stress, fatigue, drugs and/or alcohol,
even hunger.

System 2:

System 2 operates in the voluntary, conscious reasoning environment but mostly in the
background to System 1 where it executes an analytical and validating role. Kahneman (2013)
identifies System 2 as being slow, lazy and resource (mental energy) demanding. While System
1 is mostly in control, System 2 is activated by cognitive strain when a simple, intuitive solution
is not readily available and statistical or probabilistic reasoning (logic) is required. Multi-tasking

'No two people have identical experiences, education and training.
2 The bias producing processes are substantial and critical to the functioning and understanding of System 1. It is
however not within the scope of this document to detail these processes.
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is effectively impossible while System 2 (Logic Decision Making) is engaged because it is so
resource demanding. Maintaining an accurate and coherent logbook requires System 2 cognitive
effort that cannot be accomplished simultaneous with other tasks requiring even minimal
cognitive effort.

The assessment of an optimum mortgage amortization period as it relates to interest rates and
debt service capacity cannot be accomplished by System 1, Intuitive Decision Making. It is a
task requiring System 2, Logic Decision Making, requiring deliberate and effortful thought and
attention.

The author provides the following examples of driving a motor vehicle under very different
conditions of complexity. The driver has 46 years of extensive driving experience of left-side
drive vehicles, driving on the right-hand side of the road (North America).

Experience 1:

Driving an economy sized, automatic transmission car during daytime, good summertime road
conditions on a traffic-less and familiar street in Whitehorse, Yukon Territory, Canada
(population ~25,000). This was a simple task where the author could drive, have a casual
conversation, observe the scenery, listen to the radio, sing along, etc.

System 1 was in control and the entire operation was relaxed.

Experience 2:

Driving a manual transmission, right-side drive, utility vehicle driving on the left-hand side of
the road in unfamiliar downtown Melbourne, Victoria, Australia (population ~4.4 million), at
night. This commanded the driver’s total attention and made even navigating instructions from
the passenger/navigator difficult to process. There was no casual conversation, singing along to
the radio or observing the scenery, no multi-tasking. Simple mental calculations of travel
distance, speed and arrival time were a strain.

System 2 was required and it was a stressful and exhausting experience for both the driver and
passenger/navigator.

Mistakes happen when System 1 makes decisions that would be better made by System 2 yet this
is not necessarily a voluntary action. Kahneman (2013) concedes that “Even in modern humans,
System 1 takes over in emergencies and assigns total priority to self-protection actions”. System
1 is very good at distinguishing changes in the immediate environment but requires System 2 to
validate if the changes are threatening or not. With respect to the bias producing processes that
System 1 is prone to and the background experiences of initial attack resources operating at
success rates of better than 95%, it is the author’s contention that System 1 is ill prepared to
manage the dynamics of blowup wildfire conditions. Yet it may well be the evolutionary default
condition.
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Research applying Kahneman’s Thinking, Fast and Slow may provide some insight into the trend
of fatalities, injuries and near-hits associated with initial attack or the transition period from
initial attack to sustained attack (Putnam 1995, Mangun 1999). It certainly raises questions over
the applicability of the 1957 Standard Fire Order “Be Alert, Keep Calm, Think Clearly, Act
Decisively” (McArdle 1957) which asks for System 2 decision making in a System 1 survival
situation. Or the plethora of orders, watchouts, guides, common denominators, acronyms, and
checklists that require System 2 effort of situational validation.

This highlights an even greater concern over the decision making impairments of the public in
wildland urban interface situations who have had little or no experience with what they may be
exposed to. Or the context, fairness and utility of fire reviews, inquiries, commissions, etc. Hours
and even months of individual and group System 2 cognitive effort examination is frequently
applied to moments or possibly a few hours of System 1 decision making in physical and
cognitive environment conditions not conducive to System 2 function.

It begs the question, “for all of these years and all of the losses, have we been engaged in a
struggle against the relentlessness of nature plus eons of human evolution”? “Have we been
asking people to act counter to their evolutionary will?”

Kahneman himself admits to being unable to override the bias producing processes in spite of his
many years of research and recognized expertise in this field of research. His only advantage
over the layperson is his knowledge to better identify the conditions where these processes will
apply and how they function. In this respect it may be thought of as a known uncertainty that
should be accounted for in the application of the ISO 31000.

There is clearly a fertile and demanding need for further research in this comparatively
overlooked field of study in the wildland fire risk management business.

That said, the application of the ISO 31000 with an adaptation of Crichton’s Risk Profile
(Crichton 1999) and even a rudimentary application of Kahneman’s Thinking, Fast and Slow
principles forms a process for the improved application of Logic Decision Making (System 2)
and better adapting Intuitive Decision Making (System 1).
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ISO 31000:2009 Risk Management — Principles and Guidelines

Applying ISO 31000 can help Wildland Fire Risk Management Organizations increase the
chances of achieving objectives by improving the identification of opportunities and threats and
effectively allocate and use resources for risk treatment. A key feature of the ISO 31000 over its
predecessor (AS/NZS 4360:2004) is that it defines risk as “the effect of uncertainty on
objectives”. This feature recognizes that risk can produce both positive and/or negative outcomes
to objectives, plus the intelligence, tools and systems for assessing risk can have considerable
uncertainty.

Because it purposefully assesses the effects of uncertainty on objectives the application of the
ISO 31000 framework and processes systematically links the organization’s objectives through
to risk treatment strategies and tactics plus monitoring and review for supporting adaptive
management and continuous improvement.

The ISO 31000 specifies that the process should be integral to management and decision making
at all levels, integrated into practices and the business culture and introduces the following
eleven principles of risk management.

1. Risk management creates and protects value;

Good risk management contributes to the demonstrable achievement of an organization’s
objectives through the continuous and repetitive review of its processes and systems.

2. Risk management is an integral part of all organizational processes;

Risk Management needs to be integral to management and decision-making at all levels,
integrated into practices and culture and tailored to the organization or application and its
risk profile. It is to be established as the organization-wide doctrine.

3. Be part of decision making;

The process of risk management assists decision makers to make informed choices,
identify priorities and select the most appropriate action.

4. Explicitly address uncertainty;
By identifying potential risks, organizations can implement controls and treatments to
maximize the chance of gain while minimizing the chance of loss.

5. Be systematic, structured and timely;

The process of risk management should be consistent across an organization to ensure
efficiency, consistency and the reliability of results. It should receive wholesale
application for anything that requires a decision on course of action.
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6. Be based on the best available information;
To effectively manage risk it is important to understand and consider all available
information relevant to an activity and to be aware that there may be limitations on that
information, it is then important to understand how all this information informs the risk
management process. And what doesn’t or has minimal utility.

7. Be tailored;
An organization’s risk management framework needs to include its risk profile, as well as
take into consideration its internal and external operating environment.

8. Take human and cultural values into account;
Risk management needs to recognise the contribution that people and culture have on
achieving an organization’s objectives.

9. Be transparent and inclusive;
Engaging stakeholders, both internal and external, throughout the risk management
process recognises that communication and consultation is key to identifying, analysing
and monitoring risk.

10. Be dynamic, iterative and responsive to change;
The process of risk managing risk needs to be flexible. The challenging environment we
operate in requires organizations to consider the context for managing risk as well as
continuing to identify new risks that emerge, and make allowances for those risks that no
longer exist.

11. Be capable of continual improvement and enhancement;

Organizations with a mature risk management culture are those that have invested
resources over time and are able to demonstrate the continual achievement of their
objectives.

The ISO 31000 risk management framework systematically processes the effects of uncertainty

on objectives through seven interacting elements (Figure 1) where communication and
consultation is a fundamental and enabling element. Communication and consultation is

particularly important in stakeholder engagement for better understanding the uncertainties of the

risk environment and identifying risk and control owners for improved risk sharing.

Controls are the means by which Risk Managers seek to modify risks. Control owners are those

organizations or individuals who are accountable for ensuring that those controls remain

adequate and effective. It would seem self-evident that proposed controls do not become actual
controls until they are activated or implemented. Until application, controls retain the distinction

of being little more than statements of good advice or good intentions.
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Figure 1. 1SO 31000:2009 Risk Management — Principles and Guidelines

The application of ISO 31000 is central to the development of a comprehensive “Risk Profile”. It
is the risk profile that frames the risk components and risk drivers along with assessing the
uncertainties of data, processes and systems. From this the Risk Manager develops and/or
modifies existing controls, strategies and tactics and makes better informed risk management
decisions.

Risk Profile
The Risk Profile is introduced at this stage to provide the reader with a familiarity of where and
how the ISO 31000 Risk Assessment intelligence is systematically processed and compiled.

Risk managers will likely be familiar with the risk equation Likelihood x Consequence = Risk
(Equation 1) and the risk matrix depicted in Figure 2. This equation and matrix may have some
utility for expressing relative risk but by themselves are of low utility for informing risk
management decision making.

Likelihood x Consequence = Risk
Equation 1. Rudimentary Risk Equation
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Figure 2. Common Risk Matrix

For the purpose of providing the minimum required detail that a risk manager will require for
systematically assessing the respective risk drivers plus potential controls and control owners a
modified risk profile from Crichton (1999) has been applied. This is based upon the premise that
if you don’t understand what is truly driving the risk then you can’t possibly develop immediate
and long-term controls to manage the risk.

The adapted profile, regardless of scale or threat, is established by the interactions of the
components of Likelihood x Severity x Exposure x Value(s) x Vulnerability (Equation 2). When
applying the property of multiplication by zero if any of these risk components can be managed
to zero then the risk will be zero. Zero risk is seldom achievable in the wildland fire risk
management business and where this is not achievable the aim is to reduce each component to as
near zero as is practical, economical and commensurate with objectives.

The question of which component is most important is not greatly dissimilar to the question
“which is the most important leg on a three legged stool”? It is the one that is missing. Effective
risk management requires all five risk components to be assessed and assigned controls for
optimal risk reduction. Applying Risk Equation 2, the control of ten additional fire trucks can be
easily negated by people ceasing to apply proper building construction and maintenance controls.
Fire suppression controls in the absence of meaningful fuel management controls will produce an
escalating risk. The silver bullet solution that only served to bringing certainty to the very
consequences that fire suppression controls were meant to eliminate.

Equations 3 and 4 then provide the formula for deriving Likelihood x Consequence (Equation 1
and Figure 2) with improved operational detail and clarity.

Likelihood x Severity x Exposure x Value x Vulnerability = Risk
Equation 2. Risk adapted from Crichton 1999
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where:

Likelihood = Likelihood
Equation 3. Likelihood

and:

Severity x Exposure x Value x Vulnerability = Consequence
Equation 4. Consequence

Value and Vulnerability have sometimes been expressed together simply as Vulnerability
(Crichton 1999) that then assumes there is an associated value. This was rejected as been
insufficient for assessing wildland fire economic risks and defining potential controls and control
owners. [.e. most wildland fire management programs are funded from the public treasury. This
comes with an opportunity cost to other publicly funded programs. There has been no shortage of
criticism over fire management operations expending public funds and risking the health and
safety of fire suppression resources, in fire suppression efforts that are nowhere near
commensurate with the economic value(s) under so called protection (Beaver 2003).

Likelihood: Can be driven by a variety of sources depending upon the level and scope of the risk
management assessment and profile.

e Strategic level risk profiles (Table 1) would assess more historic likelihood data, ignitions
and frequency of destructive climatic and fire behaviour related thresholds.

e Readiness level risk profiles (Table 2) would assess the presence of active fires, recent
lightning occurrence (wet? or dry?), lightning prediction models (wet? or dry?), human
caused ignition trends, probability of ignition models and prescribed fire ignition
schedules.

e Incident level profiles (Table 3) would assess the location, construction and the breaching
potential of fire control lines (the place where the fire is most likely to escape).

Severity: Is largely driven by direction and rate of fire spread, fireline intensity, ember production
and spotting distance, type of fire (surface/crown), convection column development, perimeter
and area growth rate, flame depth, fuel consumption, radiant heat flux, suppression difficulty,
diurnal pattern, heat stress, smoke, terrain, slope, dangerous trees and other fire resource health
and safety drivers. Severity is very much, but not entirely, driven by fire behaviour
characteristics.

Fire ecologists may recognize Likelihood and Severity at the Strategic Risk Profile level as
having many of the characteristics comprising a fire regime (Table 1).

Exposure: Is the seasonal and diurnal time and duration that a Value that is Vulnerable to the
assessed Likelihood x Severity may be Exposed. It is very much determined by the proximity of
the value to the Likelihood, the topography, direction and rate of spread, embers and smoke
production and dispersion and what the severity of the fire will be upon arrival.
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Value: Represents Social, Economic and Environmental, intrinsic and/or extrinsic values as
determined by stakeholder and public Communication and Consultation. Much of this
intelligence would have been compiled from strategic level risk management planning and then
cascaded/networked though to readiness and incident risk management.

Vulnerability: Relates to how predisposed to damage a particular value is to the assessed
Likelihood x Severity. It may be determined by interacting social-economic, physical, and
environmental factors or processes. l.e. a fire adapted forest ecosystem may be vulnerable to
high intensity crown fire but have a beneficial relationship with low intensity surface fire. Public
and firefighters are far more vulnerable to radiant heat flux and smoke than is a properly
constructed and maintained structure.

ISO 31000 — Application

Establish the Context:

Much of the context for operational wildland Fire Readiness and Incident Risk Management
(Tables 2 and 3) would have been established over the years at the Strategic Risk Management
Planning level (Table 1). It is this planning level that establishes Values and Vulnerability
through stakeholder and public Communication and Consultation. The strategic level risk
management planning is also where the high level organizational objectives (goals) are
established, setting the stage for a cascading/networking of objectives through to the operational
strategies and tactics (Figure 2).

This is the stage where the scope of the risk assessment is determined. I.e. will it be a strategic
level all-inclusive risk assessment for a multiuse park or a community wildland urban interface
specific risk assessment. Or, a total incident to extinguishment risk assessment, or a risk
assessment on a particularly high priority portion of an incident for a defined period such as the
passage of a cold front. This also helps to define what persons and/or stakeholders are required
for Communication and Consultation.

Strategic risk management planning is clearly important to the overall corporate risk
management. It is imperative to the cascading/networking of objectives plus risk drivers and
potential controls that the frameworks of the ISO 31000 and the Risk Profile described are
maintained throughout an organization’s risk management decision making. It also provides for
Decision Support System development efficiency plus operator and end user familiarity for all
levels of decision making.

One of the greatest difference between Strategic Level Planning (Table 1) and Readiness and
Incident Risk Management (Tables 2 and 3) is the degree of public and stakeholder
Communication and Consultation that takes place at the strategic level. In a hierarchy risk
management context, Readiness and Incident Risk Management are potential controls of
Strategic Risk Management Planning, no different than fuel management or building
construction controls. Strategic level Consultation and Communication will have detailed these
controls.

102



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

Simply, there are risks within controls and further controls within those risks.

“r Establishing the contert

Established Objectives

Risk As*Lsm *

e Rk entiicaton -

Commoci ! S Thfa ef_fects of uncertainty on
“ Rl anapss g objectives

coriiiadion

L

+* Fish evaiuaton -+

l ———

- Rk reatrert w} Strategies (Avoid, Transfer, Treat, Accept)

. b

Tactics

Figure 2. 1SO 31000:2009 Risk Management — Principles and Guidelines (annotated)

Risk Assessment:

The Risk Assessment process stage encompasses the systematic process steps of risk
identification, risk analysis and risk evaluation (Figure 2). Risk assessment is where the Risk
Manager in collaboration with team members and technical specialists identifies, analyzes and
evaluates the effects of uncertainty on the established objective(s) for developing a
comprehensive risk profile (reference examples, Tables 1, 2 and 3). This is an indispensable
stage from which informed strategies and tactics can be developed, linking objectives to controls
and actions.

Risk Identification:

On the basis of the best quality information and science (intelligence), the Exposure of Values
that are Vulnerable to the assessed Likelihood and Severity are identified and described. Sources
of risk drivers, current controls, events and their possible causes, areas of impact and potential
consequence are considered. A systematic and comprehensive approach is taken to ensure that no
significant risk is inadvertently omitted. This might involve considering historical information or
projections on similar events. Identifying these scenarios may prove useful, because they may
lead to reasonable predictions about current and evolving issues. Strategic Level Wildland Fire
Risk Management Planning is a valuable source for informing readiness and incident risk
identification.
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Historical information should however be assessed with caution. Standard Operating Procedures
(SOP’s) are largely controls that are frequently developed from Standard Operating Conditions
of Likelihood x Severity. They work well for managing risk under the conditions that underpin
their development. The uncertainty in the wildland fire risk management business is that some of
the greatest wildland fire disasters have occurred under risk Likelihood and/or Severity
conditions far beyond standard. And have we yet to see the worst that nature can deliver?

It is equally important to avoid an over simplification of the intelligence. The more you simplify
the intelligence the less intelligent it becomes.

Risk Analysis:

Risk analysis is the activity in the process through which the level of risk and its characteristics
are determined and understood. Information from the risk analysis is vital to understand the
magnitude and seriousness of risks and to help decide whether risks need to be treated or not.
The analysis involves consideration of possible consequences, the likelihood that those
consequences may occur, including the drivers that affect the consequences, and any existing
control(s) that tend to reduce the risk drivers and components. During this activity the degree of
confidence in the analysis is assessed by considering factors such as the level of expertise,
uncertainty, quality, quantity and relevance of data and information, and limitations of the
modelling and Decision Support Systems.

Fire behavior prediction and occurrence systems play a key role in analyzing and populating the
Likelihood and Severity components of a Risk Profile. The uncertainty and limitations of these
systems needs to be fully understood or the Likelihood and/or Severity components could be
misrepresented in the Risk Profile (Cruz and Alexander 2013). Of the five Risk Profile
components it is the components of Likelihood and Severity that are the most dynamic in
wildland fire with the greatest uncertainty.

Risk Evaluation:

During risk evaluation the level of risk is evaluated in relation to the established objectives. The
desired outcome of the evaluation is a decision concerning which risk drivers need to and can be
treated, treatment priorities, potential controls and who is the owner of each potential control?
Risk evaluation may also lead to a decision to undertake further analysis. Another outcome
might be that no further analysis or treatment is required, so that the relevant risk will merely be
subject to a continuation of existing controls and ongoing Monitoring and Review. Always ask
the question “does this support the established objective(s)”?

It is during the Risk Evaluation activity where the technical specialist(s) interact and
communicate with the Risk Manager(s)* to inform them in their respective specialist areas

3 During the initial attack and/or transition from initial attack to sustained attack stages there is little or no
opportunity for interacting with technical specialists for the development, execution or Monitoring and Review of an
incident risk management plan.
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(meteorology, fire behavior, fire ecology, vulnerable communities, cultural resources, health
services, etc.). This intelligence is processed and compiled in the Risk Profile, progressing to the
Risk Treatment stage.

Risk Treatment:

Risk treatment is the process of selecting and assessing controls to mitigate risk from what the
respective Risk Profile processed and compiled. This then moves to the preparation of Risk
Management Strategies and Tactics which may prescribe for new controls and/or modifying
existing controls. More than one option may be considered and adopted either separately or in
combination. Actions to manage risk can include avoiding, retaining or increasing risk in order to
pursue an opportunity, removing or modifying the risk component and/or driver. It identifies
opportunities for managing wildland fire on your terms over nature’s terms.

This is the step where the individual or organizational risk tolerance is determined in relation to
the objectives and residual risk. How much risk is too much? How much uncertainty is too
much?

The Risk Manager(s) assesses the appropriateness of the risk uncertainties to the established
objectives and may request additional Risk Assessments for Strategy and Tactics considerations.
L.e. do the suppression controls expose fire suppression resources to unacceptable Likelihood x
Severity with only limited effectiveness to reduce the exposure of other Values and
Vulnerabilities?

Strategy:

A strategy as it relates to wildland fire risk management is a big picture overview for which a
comprehensive Risk Assessment and precipitating Risk Profile is instrumental to strategy
development. It is the Risk Assessment that brings context to the effects of uncertainty on
objectives. It is important that the Strategy addresses both the positive and negative outcomes
that the risk might present.

Describing the diurnal variations in fire behavior related Severity is an example of a key output
of a comprehensive Risk Assessment that would feed into a strategy statement. What may be an
unmanageable Severity component during the peak burning period may give way to tactical
opportunities later in the day or early mornings. It also helps define the period of Exposure to
which a Value that is Vulnerable to the specified Likelihood and Severity might be exposed.

Tactics:

Tactics are the actions that lead to the execution of the strategy. Every tactic must suit the
strategy. If you can’t explain how a tactic helps you achieve the preferred strategic outcome, then
it may not be the best choice and needs to be rethought. This could lead to an additional Risk
Assessment and revised Risk Profile.

All tactics require a purpose, schedule (who, what, when, where, how) and a measurable output
(SMART Objectives — Specific, Measurable, Achievable, Realistic, Timely). This helps to
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achieve the strategic outcome and reduce the likelihood of wasting time on tasks that are unlikely
to deliver a suitable return on investment or even exacerbate or produce another risk.

Monitor and Review:

Monitoring and Review in the wildland fire risk management business functions on multiple
timescales. Real-time or near real-time fire environment reality updates that would compare how
the fire/fire-day is developing in relation to how it was predicted to unfold are invaluable to
informing situational awareness (Putnam 1995). Are the controls that were established on the
predicted fire environment and all of its uncertainties still adequate, do they require modification
or new controls? One need only reference the evening news to witness the continued application
of ineffective Suppression Controls when it is Exposure Controls that require attention and
application.

“Situational awareness is the understanding of what the fire is doing and what you are doing
(Controls) in relation to the fire and your objectives (Context). It involves an understanding of
fire behaviour and terrain and the ability to predict where the fire (Likelihood x Severity) and you
(Value x Vulnerability) will be in the future (Exposure) (Putnam 1995).”

Ongoing monitoring and reviewing is used for confirming the effectiveness of existing controls
and accounting for changes in context, risk components or risk drivers. These activities provide
the feedback mechanism to the ongoing risk management cycle so that assumptions, methods,
data sources, results and rationale for decisions are subject to regular checks and balances. The
process should also provide consolidation of further information to improve risk assessments,
analysis of lessons learned from events, trends in changes of Exposure and Vulnerability,
detection of these changes and changes in Likelihood and Severity.

After action reviews, debriefs, reviews and enquiries in this context are important practices for
continuous improvement of the entire risk management process. It is essential to examine all of
the components, drivers and controls of the risk management process, what worked well so that
it can be repeated, what needs improvement and/or new research or improved decision support
tools and systems.

Decisions that lead to positive outcomes need to be understood so they can be repeated. Was it a
good decision from a sound application of the processes or simply a circumstance of good luck?
Without a comprehensive understanding of the conditions that produced the good luck it can and
has had substantial, adverse, downstream effects to Risk Management Decision Making.
Whereas sound decisions from a sound process that did not deliver the desired outcomes in the
face of the dynamics and uncertainties in the wildland risk management business are still sound
decisions based upon the available intelligence.

While it is easy for debriefs and reviews to fixate on outcomes it is the commitment of

organizations to continuous improvement of their risk management processes and systems that
will deliver long-term results. Debriefs and reviews would now have a true focus and purpose.
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Risk Profile Examples:

Tables 1, 2 and 3 are not comprehensive Risk Profile examples nor were they intended to be.
Organizations may share similar objectives and risk profile drivers but it is unlike that any two
will be identical. The ISO 31000 recognizes that a “one size fits all” risk management solution
does not exist and the process needs to be tailored to each organization’s risk profile. These
examples are meant to provide an illustration of the minimum detail, in a framework, that Risk
Manager(s) require and should come to expect for developing comprehensive and defendable
Risk Management Strategies and Tactics. It also provides an illustration of how and where
Applied Science and technical specialists fit into and inform the ISO 31000 process and where in
turn the process helps to inform research needs.

What also should become evident is the cascading effect from strategic level risk management to
readiness risk management planning to incident risk management planning. Applied in this
manner it provides a networking of organizational objectives through to controls and operational
strategies and tactics. Also evident is that wildland fire risk management organizations do not
have authority over many of the risk drivers and controls, yet history has shown that many of
these organizations have too frequently been assigned all of the risk and all of the blame when
the controls have proven to be inadequate.

It would be remiss to Kahneman’s 2013 Thinking, Fast and Slow not to point out that the
application of the ISO 31000 and the resulting risk profiles in the manner illustrated in Tables 1,
2 and 3 predominantly applies and enhances System 2, Logic Decision Making. As previously
described people cannot be trained to override the bias producing processes of System 1,
Intuitive Decision Making. It is therefore imperative to identify situations where System 1 is
likely to dominate and develop suitable controls for this known uncertainty. This is all
achievable within the frameworks described, the available research and science and decision
support system technology.

A caution provided by the author is that for the initial attack phase, dispatch to control, System
1, Intuitive Decision Making is likely making the majority of the decisions. For the large
majority of initial attacks this is likely a safe and effective situation. The majority of initial
attacks would have provided the consistent and stable environment with the immediate feedback
required for educating the System [ experiential memory base. Standard operating procedures
developed under standard operating conditions.
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Strategic Level Planning — Risk Profile (Components, Drivers, Potential Controls)

Objectives: (all risk management starts from well framed and stated objectives)
e To minimise the impact of major bushfires on human life, communities, essential and community
infrastructure, industries, the economy and the environment. Human life will be afforded priority

over all other

considerations.

e To maintain or improve the resilience of natural ecosystems and their ability to deliver services
such as biodiversity, water, carbon cycling and forest products.

Likelihood x Severity x Exposure x  Value(s) X _Vulnerability
Risk Assessment | Risk Assessment | Risk Assessment | Risk Assessment | Risk Assessment
o Ignition History ¢ Fine Fuel Moisture o Proximity o Public e Human Physiology
-Lightning? Content -Direction -Health » Property Construction
-Human? ¢ Rate of Spread -Distance -Safety » Property Maintenance
« Seasonality « Fuel Consumption -Topography -Wellbeing e Subdivision Design
« Topography « Depth of Burn * Property Density * Response Resources | o Socio — Economics
o Fuel Hazard « Fireline Intensity  Smoke -Health « Resilience
e Climate « Embers / Spotting * Severity Duration -Safety « Biodiversity
« Surface / Crown -Wellbeing « Fire Ecology
o Perimeter / Area * Infrastructure « Litigation
« Flame Depth * Property

¢ Radiant Heat Flux

e Fire Cycle / Interval

e Heat Stress

e Smoke

e Terrian

e Slope

¢ Dangerous Trees

o Other FF Safety
Drivers

¢ Industry — Economics
e Cultural

e Environment

* Agency Reputation

Potential Controls

Potential Controls

Potential Controls

Potential Controls

Potential Controls

e Education

¢ Engineering

e Spark Arresters
e Power Grid Mgnt
e Enforcement

e Fire Bans

o Area Closures

o Fuel Management
-Protection Burning
-Ecological Burning
-Mechanical

¢ Fire Response

 Building Controls

e Subdivision Design
o Area Closures

e Warnings

o Evacuations

o Education
e Land Use
» Salvage

 Building Controls
e Land Use

e Training

* Experience

e Education

¢ Warnings

o Advice

e Mosaic Burning

Table 1. Strategic Level Planning - Risk Profile Example
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Readiness — Risk Profile (Components, Drivers, Potential Controls)

Objectives: (all risk management starts from well framed and stated objectives)
¢ Reduce the exposure of public and firefighters to smoke and damaging fire intensity.

¢ Manage the exposure of firefighters to debilitating levels of heat stress.

e Control 90% of all fires before they exceed 5 hectares in size.

e Prioritize response activities to agency priorities and values.

e Protection of residential property as a place of primary residence.

Likelihood x

Severity  x

Exposure X

Value(s) X

Vulnerability

Risk Assessment

Risk Assessment

Risk Assessment

Risk Assessment

Risk Assessment

o Ignition Sources
-Going Fires?
-Recent Lightning

(dry/wet)?

- Forecast Lightning

(dry/wet)?
-Human Caused?
-Other?

o Ignition Trends?

e Prescribed Fire?

e Fine Fuel Moisture
Content

¢ Direction and Rate of
Spread

o Fireline Intensity

e Ember Production

» Spotting Distance

e Crown Fire?

o Surface Fire?

e Convective Column?

o Perimeter Growth
Rate

o Area Growth Rate

o Flame Depth

o Fuel Consumption

o Radiant Heat Flux

o Suppression Difficulty

e Diurnal Pattern

o Heat Stress

* Smoke

e Terrian

e Slope

¢ Dangerous Trees

o Ash Pits &
Other FF Safety
Drivers

o Proximity
-Direction
-Distance
-Topography

* Property Density

* Smoke Dispersion

o Diurnal Duration

e Public
-Health
-Safety
-Wellbeing
o Response Resources
-Health
-Safety
-Wellbeing
o Infrastructure
* Property
o Industry — Economics
o Cultural
e Environment
* Agency Reputation

e Human Physiology

» Property Construction
» Property Maintenance
o Subdivision Design

* Socio — Economics

* Resilience

* Biodiversity

o Fire Ecology

Potential Controls

Potential Controls

Potential Controls

Potential Controls

Potential Controls

o Total Fire Bans

o Fire Restrictions

o Area Closures

e Patrols

e Media Campaigns

¢ Early Detection

* Rapid Dispatch

* Resources (numbers
and mix)

e Size-up and
engagement

e Warnings

o Advice

o Area Closures

* Relocation

o Access & Egress

e Responder Briefings

o PPE

o Escape Routes

o Safety Zones

* Non-engagement

(avoidance)

o Strategies
-Foot-in-the-black
-Anchor, Flank &
Hold

¢ Communicate &
Consult
* Salvage

e Warnings

* Advice

» Experience

* Responder Briefings

Table 2. Readiness — Risk Profile Example
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Incident — Risk Profile (Components, Drivers, Potential Controls)

Objectives: (all risk management starts from well framed and stated objectives)
e Manage the exposure of public and firefighters to smoke and damaging fire intensity.

¢ Manage the exposure of firefighters to debilitating levels of heat stress.
e Control Division “E” by 0900 October 12th.

e Secure communications infrastructure on Mount Granger by fuel managment using ground and
aerial ignition before next burning period.

Likelihood x Severity x Exposure x Value(s) x Vulnerability
Risk Assessment | Risk Assessment | Risk Assessment | Risk Assessment | Risk Assessment
e Control Line Status? e Fine Fuel Moisture o Proximity e Public e Human Physiology
-hotspots? Content -Direction -Health ¢ Property Construction
-weak spots? e Direction and Rate of -Distance -Safety * Property Maintenance
« Fuel Burning Spread -Topography -Wellbeing « Subdivision Design

¢ Fuel Adjacent

e Wind Speed &
Direction

e The place the fire is
most likely to escape?

o Fireline Intensity
o Ember Production
» Spotting Distance
e Crown Fire?
o Surface Fire?
e Convective Column?
o Perimeter Growth
Rate
o Area Growth Rate
e Flame Depth
o Fuel Consumption
¢ Radiant Heat Flux
o Suppression Difficulty
o Diurnal Pattern
e Heat Stress
e Smoke
e Terrian
¢ Slope
o Dangerous Trees
e Ash Pits &
Other FF Safety
Drivers

» Property Density
e Smoke Dispersion
o Severity Duration

* Response Resources
-Health
-Safety
-Wellbeing
o Infrastructure
» Property
o Industry — Economics
e Cultural
¢ Environment
* Agency Reputation

* Socio — Economics
* Resilience

» Biodiversity

o Fire Ecology

o Litigation

Potential Controls

Potential Controls

Potential Controls

Potential Controls

Potential Controls

o Containment Priorities
o Mop-up Priorities

e Mop-up resources

¢ Patrols

e Direct Attack
o Indirect Attack
® Resources

o Shifts

e Warnings

o Advice

o Area Closures

¢ Relocations

» Evacuations

* Responder Briefings

* PPE

» Escape Routes

o Safety Zones

* Non-engagement

(avoidance)

o Strategies & Tactics
-Direct Attack
-Indirect Attack
-Foot-in-the-black
-Anchor, Flank &

Hold

o Communicate &
Consult
* Salvage

e Warnings

o Advice

» Experience

* Responder Briefings

Table 3. Incident - Risk Profile Example
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Implementation

Risk management needs to be a continuous process that enables organizations to anticipate and
respond well to internal and external changes and uncertainties. For this to happen effectively the
organization must embed and integrate risk management into its everyday thinking, ongoing
business processes, systems and business culture.

The benefits of applying the ISO 31000 as described are many. It promotes a consistent
framework for improving logic decision making. Through the continuous and repetitious
exposure to its terminology and processes it assists in also adapting intuitive decision making,
further promoting a risk management culture.

Personnel would be exposed to this framework and processes from their first day on the job
when decisions are relatively easy and then well-practiced in its application as they advance to
decisions of more significance and complexity.

Most organizations already have risk management processes in place for a variety of activities. A
Wildland Fire Situation Analysis sometimes referred to as an Options Analysis or Escaped Fire
Analysis is a form of risk assessment. “Size Up”, taught in basic wildland fire suppression is a
risk assessment. Many of these will require little more than minor restructuring, consolidating
and terminology modifications.

There is also an order of efficiency for applying a single common framework for all decision
making. Information technology clearly has a role, and like the ISO 31000 itself, a corresponding
Decision Support System structure could be adapted to all decision making requirements
regardless of scope or complexity. It could be developed incrementally and improved in unison
with the emerging science (Adaptive Management), incorporating a type of complexity loading
used successfully in athlete development. The benefits in resource sharing would seem obvious.

Some initial implementation activities follow.

¢ Introduce the application of ISO 31000 frameworks and processes into operational
policy. Establish effective risk management decision making as the corporate doctrine.

e Edit/re-format all policy, Standard Operating Procedures and Decision Support
Documents to the frameworks described. A reader of these documents should be able to
easily and expressly see this framework.

e Implement Risk Management Terminology (i.e. change Size Up to Risk Assessment).

e Establish the “continuous improvement of risk management processes and systems” as a
Term of Reference for Debriefs, Reviews, etc. This will assist in system development and
capture corporate knowledge for future generations of risk managers.

e Invest in decision support tools and systems that conform to the prescribed framework
with user interfaces that expressly displays the risk profile components.

e Invest in technology transfer
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Summary

Good risk management is fundamental to organizations achieving their objectives in a business
environment with an abundance of uncertainties. So much so that risk management should be a
way of business life, threaded through every facet of a business that requires decisions on a
course of action regardless of the real or perceived importance. Applying the describe risk
management framework process on decisions of lesser importance and complexity provides
operational practice for when the decisions are more critical.

Wildland Fire Risk Management should be promoted with equal or greater vigor as the
enthusiasm given to 1935, 10am Fire Control (Pyne 1982), underpinned by relevant research and
science.

It also provides the minimum detail required for targeting risk drivers and developing potential
controls plus the identification of potential control owners. This in turn assists in promoting risk
sharing and apportioning risk management contributions. Managing risk in this way helps
improve an organization’s logic decision making which in part, provides an evidence of due
diligence.

By improving an organization’s logic decision making (System 2) it can work to better manage
the known uncertainties related to intuitive decision making (System 1). By better understanding
the when, where and how of the bias producing processes that Kahneman attributes to intuitive
decision making, risk managers can better assess the effects they may have on objectives and
implement appropriate controls.

This framework also provides a structure and process for implementing the existing science plus
through ongoing application, Monitoring and Review, it provides a mechanism for identifying
and informing research needs. It also establishes a foundation for improved wildland fire
economics.

Programs such as Community Protection Planning should be informed by nothing less than what
has been described here.
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Is the whole greater than the sum of its parts? Homeowner wildfire risk mitigation and community
heterogeneity

Hannah Brenkert-Smith and James Meldrum (University of Colorado)

Patty Champ and Travis Warziniack (USFS Rocky Mountain Research Station)
Chris Barth (Fire Mitigation & Education Specialist, Bureau of Land Management)
Lilia Colter (West Region Wildfire Conference)

Pam Wilson (FireWise of Southwest Colorado)

Topic Area: Mitigating fire risk to communities

Adaptation to a fire-prone landscape requires action to mitigate the risk. Homeowner decisions to
mitigate wildfire risk are complex, influenced by many factors, and are not made in isolation but are made
within the context of a broader community. Many potentially relevant characteristics vary across
communities, including: programs and approaches to wildfire risk mitigation, capacities to facilitate
action (e.g. social capital, financial resources), social norms shaping the acceptability of different wildfire
risk mitigation activities and programs, and histories with wildfire events. In this project, we use a
framework the research team developed to investigate the conceptualization, measurement, and
implementation of the concept of community fire adaptedness to focus on and expand an on-going data
collection effort across multiple diverse communities in fire-prone areas of western Colorado. The
research expands on previous efforts to characterize the wildfire risk mitigation choices of homeowners
by shifting the analytical focus from individual-level characteristics to community-level characteristics.

The framework in Figure 1, presents three levels of fire adaptedness. The top level corresponds
with conceptual qualities of fire adaptedness, such as residents being prepared for wildfire or risk being
mitigated. These qualities are assumed to manifest as emergent properties of the indicators of fire
adaptedness, which describe observable, community level aspects of being adapted to fire. Examples of
indicators include the presence of a Community Wildfire Protection Plan, the existence of a local wildfire
organization, or maintenance of a certain aggregate level of defensible space on private lands. In turn,
community level indicators are driven by the decisions of the individuals who reside in the community
and the interactions among them. Numerous parcel, household, or community level characteristics are
either known or hypothesized to influence the indicators of fire adaptedness in a community. Examples of
potentially relevant characteristics include risk perceptions, risk preferences (e.g., risk aversion),
demographics, experiences with wildfire, and social norms. The model recognizes the potential for
feedbacks from indicators to characteristics as well as for interactions amongst indicators.

The research examines three interrelated questions based on the conceptual model in the figure
below: 1) What is fire adaptedness? 2) How do individual and community characteristics relate to
indicators of fire adaptedness? and 3) What are the impacts of community programs intended to enhance
fire adaptedness on individual mitigation efforts on private property?

Toward the broad goal of linking individual characteristics and indicators of fire adaptedness while
controlling for community heterogeneity, the project addresses gaps in the literature described in the
previous section by examining concepts and potential indicators of fire adaptedness to facilitate
development of empirical models of fire adaptedness. We build on the existing “Living with Wildfire in
Colorado” project, an interagency collaboration involving the US Forest Service, Rocky Mountain
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Research Station; the University of N
Colorado, Institute of Behavioral Science; QUALITIES of fire adaptedness (conceptual)

Residents are prepared || Riskis mitigated (e.g., Community is prepared (e.g.,
the Bureau Of Land Management [ (e.g., ready to evacuate) ][ fuels are treated) ][ has planned for a major fire) ]
Southwest District Fire Management and \
the West Region Wildfire Council 4
(WRWC). The.proposed r§search expands (INDICATORS of fire adaptedness (observed at community Ievel)\
the current project to also include Programs Fuel Other indicators, TBD by project
FireWise Of SOUthWCSt Colorado (FSC) == | (e.g., Community Wildfire treatments on (e.g.. ignition resistant buildings

L. Protection Plan; private lands and landscapes; adequate local

communities. The WRWC and FSC are Firewise community; (aggregated fire suppression capacity; social

: s4r : : : Ready, Set, Gol) measures) structure such as local codes)
wildfire mitigation and education councils S /)

tasked with encouraging homeowners to
mitigate their wildfire risk. The WRWC
covers six counties (Delta, Gunnison,

(Relevant CHARACTERISTICS (observed at individual and/or e
LSo(wl capital ] [ Experiences ] | Attitudes | communiry Ievels)

Hinsdale, Montrose, Ouray, and San B [Riskpreferences | [ Risk perceptions | Other

Miguel) while FSC covers five counties [Demographics | [Socialnorms | [ Spatial spiliovers | | characteristics
beyond scope

(ArChuletaa DOloreS, La Plataa u Interactions with external entities ] [ Social interactions ] of project /

Montezuma and San Juan).

To date, the project has paired parcel level wildfire risk assessments with social data in four
counties in western Colorado that fall under the purview of the WRWC. The dataset has allowed for an
examination of the gap between perceived wildfire risk ratings and the assessed wildfire risk ratings,
impediments to wildfire mitigation actions, and the role of a WRWC cost share program, as well
interdependent behaviors among homeowners called “spillover effects” (Meldrum et al. 2013a, 2014,
2015(a,b,c,d)). We are expanding the current dataset to include another WRWC county and three counties
within the purview of the FSC. Specifically, we are pairing professional wildfire risk assessments with
social data in all of the new data collection communities. We also augment the existing and newly
collected data with data on community characteristics and indicators of fire adaptedness. These two
activities will facilitate analysis of the relationship between community characteristics and wildfire risk
mitigation on private land and allow for aggregation of the parcel level data to facilitate community level
analysis with sufficient variation on key community level variables.
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Transfer of Knowledge, Skills and Abilities
from Leadership Development Training

Michael T. DeGrosky, Ph.D.

Guidance Group, Inc., 613 Bryden Ave., Suite C, #331, Lewiston, ID 83501,
guidancegroup(@cableone.net

Abstract:

Leadership development training represents a form of human resource intervention, the
fundamental purpose of which is to improve organizational performance. However, leadership
development training represents a useful intervention only when participants transfer what they
learn into enduring workplace practices. Both researchers and training practitioners use the term
training transfer to describe the process by which training participants extend learned
knowledge, skills and abilities into the workplace beyond the training environment and sustain
those learned knowledge skills and abilities over time. The researcher’s qualitative investigation
examined lived training transfer experience by interviewing 17 participants in the National
Wildfire Coordinating Group’s L-380 leadership development training intervention. The author
identified eight factors that motivated the study’s participants to transfer the knowledge, skills
and abilities (KSAs) they had learned in their leadership development training. In this paper, the
author explored the importance of two of those factors, (a) framework for self-understanding and
self~-improvement and (b) resonance. Understanding these motivations will prepare, both training
practitioners and academics to improve the aptitude of organizations for providing training
participants with the capacity to transfer their training into the workplace as a significant driver

of training effectiveness.
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Additional Keywords: abilities, knowledge, KSA, leadership development, experience,
motivation, resonance, self-improvement, self-understanding, skills, training, transfer
Introduction

The researcher’s qualitative investigation examined lived training transfer experience by
interviewing 17 participants in the National Wildfire Coordinating Group’s L-380 leadership
development training intervention. The author identified eight factors that motivated the study’s
participants to transfer the knowledge, skills and abilities (KSAs) they had learned in their
leadership development training. In this paper, the author explored the importance of two of
those motivating factors, (a) self~-understanding and self-improvement and (b) resonance.
Training as Human Resources Intervention

The researcher defines human resource (HR) interventions as planned actions including
training, mentoring, coaching, counseling and consulting; designed to drive changes in individual
behavior and performance to accomplish clearly defined organizational goals (Rowold, 2008;
Scott, 2003). Training is a nearly universal HR intervention. One may define training as a
systematic process intended to transfer or obtain knowledge, attitudes and skills needed to carry
out a specific activity or task (Society for Human Resource Management [SHRM], 2010). The
reason training is SO common in organizations is because training represents a reliable technique
for enhancing the performance and productivity of both individuals and organizations.

Leadership development training constitutes a form of HR intervention (Nguyen & Klein,
2008; Rowold, 2008) the fundamental purpose of which is to improve organizational
performance (Day, 2000; Riggio, 2008). However, like all training, leadership development

training represents a worthwhile intervention only when participants transfer what they learn into
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lasting workplace performance (Burke & Hutchins, 2007; Chiaburu & Lindsay, 2008; Hawley &
Barnard, 2005; Nikandrou, Brinia, & Berei, 2009; Scaduto, Lindsay, & Chiaburu, 2008; Velada,
Caetano, Holton, & Bates, 2009; Yamnill & McLean, 2001). Researchers inquiring into training
effectiveness contend that training participants, including participants in leadership development
training, typically transfer a relatively small percentage of what they learn from training into
actual workplace performance (Burke & Collins, 2005; Chiaburu & Lindsay, 2008; Gilpin-
Jackson & Bushe, 2007).
Training Transfer

Both researchers and training practitioners use the term training transfer to describe the
process by which training participants extend learned knowledge, skills and abilities (KSAs) into
the workplace beyond the training environment and sustain learned knowledge and skills over
time (Burke & Hutchins, 2007; Hawley & Barnard, 2005; Nikandrou et al., 2009; Velada et al.,
2009). Trainees transfer training when they (a) generalize knowledge and skill learned in
training to the job context, and (b) maintain the learned knowledge and skill over time (Baldwin
& Ford, 1988; Burke & Hutchins, 2007; other citations). Training transfer links training, as an
HR intervention, to actual performance improvement and reduces the gap between post-training
potential and characteristic performance on the job (Smith-Jentsch et al., 2001).
Motivation to Transfer

Synthesizing the definitions available in the extant literature, the author defines
motivation to transfer as a factor relating to the transfer of training, reflecting a trainee’s
direction, intensity, and persistence of effort toward using, in a work setting, skills and

knowledge learned in training (Velada et al., 2009).
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A number of recent studies, including those of Bhatti and Kaur (2010), Burke and
Hutchins (2007), Chiaburu and Lindsay (2008), Gegenfurtner, Veermans, Festner and Gruber
(2009), and Nikandrou et al. (2009) found that trainee motivation mediated the relationship
between learning and training transfer. From this perspective, both original learning and trainee
motivation prove necessary to training transfer (Gegenfurtner et al., 2009). Gegenfurtner et al.
(2009) illustrated this point well when they observed that without learning, training participants
have nothing to transfer from training back to the workplace, but without motivation, participants
would transfer nothing from training to the workplace, even if they had learned.

Motivational Factor: Framework for Self Understanding and Self improvement

Nearly half the participants in the author’s study (47%) sought to better understand
themselves and used self-discovery they achieved in training to guide self-improvement. As
illustrated in Figure 1, participants described training experiences that facilitated both their self-
understanding and their understanding of how others perceived them. These participants also
found that their training helped them identify areas in which they might improve their leadership
capacity. By better understanding themselves, understanding how others perceived them, and
identifying areas in which they might improve their leadership training participants experienced
self-discovery that enabled the participant to establish a framework for self-understanding and
self-improvement that, in-turn, motivated training transfer. Training transfer, by definition,
enabled leadership performance in the workplace beyond the training environment. In this way,
the training provided the participant, as a person who wanted to lead, the capacity to lead and

facilitated their leadership performance.
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As described by participants who identiﬁedA a framev;/ork for self-understanding and self-
improvement as a factor motivating their training transfer, successful leadership performance
initiated three reinforcing loops within the training transfer subsystem in which leadership
development training contributed to self-discovery, that enabled a framework for self-
understanding and self-improvement, which motivated training transfer, which ultimately
enabled leadership performance. First, these study participants described successful leadership
performance as contributing to a sense of confidence and self-efficacy that directly motivated
further training transfer. In essence, participants transferred learned KSAs into the workplace,

succeeded with some or all of their attempted leadership, and gained confidence in their
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leadership capacity which further motivated them transfer learned KSAs. In a second reinforcing
loop, a sense of confidence and self-efficacy also enabled additional self-discovery that
reinforced the training participants’ framework for self-understanding and self-improvement,
which motivated training transfer. To explain this relationship, one might argue that selt-
discovery requires a degree of self-confidence enabling a willingness to reflect on one’s
personality and performance. By succeeding in their leadership attempts and enhancing their
sense of confidence and self-efficacy, study participants found themselves willing to engage in
additional self-discovery; thereby reinforcing their framework for self-understanding and self-
improvement which, in-turn, motivated further training transfer, which enabled leadership
performance.

Study participants who identified a framework for self-understanding and self-
improvement as a factor motivating their training transfer did not universally succeed in their
attempts to transfer learned KSAs into the workplace. Less than successful attempts at
leadership performance also helped these participants to identify additional areas in which they
might improve their leadership capacity, which contributed to further self-discovery, which
reinforced the participant’s framework for self-understanding and self-improvement, which
motivated additional training transfer, and further enabled leadership performance. The author
noted that, as described by study participants, while successful leadership performance built a
sense of confidence and self-efficacy, the opposite was true as well; with a sense of confidence

and self-efficacy directly contributing to leadership performance, as described in Figure 1.
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Motivational Factor: Resonance

Most of the study’s participants (82%) described their motivation to transfer
learned KSAs to the workplace as flowing from recognition that the training philosophy and
content resonated with and reinforced their existing values and experiences as well as their

interests, knowledge and motivations (see Figure 2.)
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This result relates to longstanding research indicating that trainee characteristics, also known as
learner characteristics, represent a factor affecting transfer, primarily through motivation (Burke
& Hutchins, 2007). Trainee or learner characteristics include personality characteristics and
Smith-Jentsch et al. (2001) as well as Burke and Hutchins (2007) showed a relationship between
personality characteristics and transfer. For example, Smith-Jentsch et al. (2001) found that

“predisposition toward training content,” a form of personality characteristic, affected training
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transfer through the trainee’s perception of their post-training transfer environment (p. 282).
Participants in the author’s inquiry perceived that they were inclined to transfer what they had
learned in training because their learned KSAs reinforced their existing beliefs, typically
expressed in terms of values or experience. This result illustrates a relationship between the
participants’ predispositions toward the training content and their training transfer experience, as
they lived it. Participants also described their lived training transfer experience as resonant
because their training opened a door to the ongoing study of leadership as well as pathways to
opportunity. Finally, participants also found meaning in a visceral training experience that made
a lasting, positive impression that made their learning stickier and facilitated the participants’
ability to put to use what they had learned.

Two emerging theories relate to how participants in the current inquiry perceived the role
of resonance in their lived training transfer experience. First, a recent study by Prieto and Phipps
(2011) suggested that self~monitoring and organizational identification moderate the effects of
personality on learning transfer. Prieto and Phipps (2011) described “proactive personality” as a
compound variable that “predicted a number of career development outcomes” in prior research
(p. 510). According to Prieto and Phipps (2011), “Individuals with a prototypical proactive
personality type identify opportunities and act on them, show initiative, take action, and
persevere until meaningful change occurs” (p. 511). The author purposefully selected study
participants to confine the study to past participants in a specific training intervention who had
time and opportunity to have put what they learned in training to use in the workplace beyond

the training environment. Considering the study’s design, particularly the process for identifying
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and selecting participants, the author contends that study participants demonstrated, to varying
degrees, proactive personality as described by Prieto and Phipps (2011).

By understanding proactive personality, one can better understand two personality
dispositions, (a) self-monitoring and (b) organizational identification described by Prieto and
Phipps (2011), that helped the author of the current study to understand how participants’ may
have formed their perceptions of the relationships between (a) their existing values, beliefs,
experiences and desires, (b) the training content, and (c¢) their motivations to learn and to transfer
what they had learned. Of particular meaning to the author’s inquiry, Prieto and Phipps (2011)
described the utility of the self-monitoring construct to transfer of learning, pointing out that an
employee’s self-monitoring behavior may play a role in their transfer from a training
intervention to the workplace.

According to Prieto and Phipps (2011), individuals with strong organizational
identification connect strongly with the work of their organization, tying their sense of survival
to the organization’s survival, and directing their efforts on behalf of colleagues and the
organization as part of a process of making their group distinct from other groups and favoring
members of their own group. Social identity theory suggested that such employees with strong
organizational identification tend to make their best effort and perform at higher levels,
cooperate more, remain with the organization and raise expectations for themselves because they
experience a sense of belonging (Prieto & Phipps, 2011). Of importance to the author’s inquiry,
Prieto and Phipps (2011) pointed to prior research, including that of Burke and Hutchins (2007),
establishing that people with higher levels of job involvement experienced more motivation to

transfer learned skills to the workplace because they consider their job performance important to
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their self-worth. Of particular meaning to the current study, Prieto and Phipps (2011) described
the utility of the organizational identification construct to transfer of learning, suggesting that the
degree to which an employee identifies with the work of their organization may play a role in
their transfer of learning from training into the workplace, with organizational identification
moderating the relationship between proactive personality and training transfer, with higher
levels of organizational identification contributing to higher levels of training transfer.

A second emerging theory related to how participants in the current inquiry perceived the
role of resonance with their existing values, beliefs and desires in their lived training transfer
experience. Yamkovenko and Holton (2010) proposed “intent to transfer” as an alternative
approach to studying transfer, with its roots in theories of planned behavior as well as goal-
setting theory (p.381). According to Yamkovenko and Holton (2010), “individuals are likely
develop an intent to behave in a certain way after they complete their training, and that intent to
transfer can serve as an effective measure of training transfer because intent serves as “an
immediate antecedent of action or behavior” (p. 386).

These areas of theory suggest that participants in the current study may have developed
intent to transfer as they recognized congruence between the content of the training and their
existing values, experiences, beliefs and desires. Other researchers including Gegenfurtner et al.
(2009) suggested that transfer motivation is dynamic and that numerous factors affect transfer
continuously (p. 419).

Participants in the author’s study also described their lived training transfer experience as
resonant, in part, because their training opened a door to the ongoing study of leadership as well

as pathways to opportunity. This result pertaining to motivation arising from a perception that
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their training had opened pathways to opportunity aligned with longstanding prior research,
including expectancy theory which suggested that trainees will prove more motivated to transfer
what they learn in training if they perceive that their effort will lead to rewards that they value
(Yanmill & McLean, 2001, p. 200). Participants in the author’s study also described their lived
training transfer experience as resonant because their training opened a door to the ongoing study
of leadership; what several participants described as “becoming a student of leadership,” a phrase
popularized by a deceased and iconic member of their community. Finally, participants in the
current inquiry also experienced resonance in a visceral training experience that made a lasting,
positive impression; making their learning stickier and facilitating the participants’ ability to put
what they had learned to use.

As illustrated in Figure 2, participants in the author’s study described training
experiences that resonated with and reinforced their existing values and experiences as well as
their interests, knowledge and motivations. They also found meaning in a visceral training
experience that made a lasting, positive impression that made their learning last and facilitated
the participants’ ability to put to use what they had learned. Recognizing these connections,
participants experienced resonance or an instinctive appeal and lasting affect that contributed to
their transfer. Resonance motivated training transfer both directly and by interacting with the
proactive personalities of the participants. Training transfer, by definition, enabled leadership
performance in the workplace beyond the training environment. In addition, instinctive appeal
and lasting affect reinforced participants’ confidence and self-efficacy, directly motivating
training transfer; aligning with longstanding research suggesting that positive reaction to the

training contributes to self-efficacy and that self-efficacy facilitates transfer.
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As described by participants who identified resonance as a factor motivating their
training transfer, successful leadership performance initiated a reinforcing loop within the
training transfer subsystem in which leadership development training contributed to a sense of
resonance, which motivated training transfer, which ultimately enabled leadership performance.
As with self-understanding and self-improvement, study participants described successful
leadership performance as contributing to a sense of confidence and self-efficacy that directly
motivated further training transfer. As described previously, participants transferred learned
KSAs into the workplace, succeeded with some or all of their attempted leadership, and gained
confidence in their leadership capacity which motivated them to further transfer learned KSAs.
As previously noted, the author observed that, as described by study participants, while
successful leadership performance built a sense of confidence and self-efficacy, the opposite was
true as well; with a sense of confidence and self-efficacy directly contributing to leadership
performance, as described in Figure 2.

Confidence and Self-efficacy

As illustrated in both Figures 1 and 2, the participants’ sense of confidence and self-
efficacy contributed to both the training transfer factors previously described (self-understanding
and self-improvement as well as resonance.) Confidence and self-efficacy, a theme identified by
the researcher, corresponded to the self-efficacy construct the researcher used to incorporate
training transfer factors previously identified including what Avolio and Hannah (2009) called
“developmental readiness” and “developmental efficacy” (p.331), what Bhatti and Kaur (2010)
called “performance self-efficacy” (p. 656), and the “trainee self-efficacy’ construct described

by Chiaburu and Lindsay (2008) as well as by Lent et al. (2009). Unsurprisingly, following their
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training, most participants (82%) in the author’s study found themselves motivated to put to use
what they had learned in training because they felt sufficiently confident to do so. Consequently,
confidence and self-efficacy represents one of eight factors that motivated the study’s
participants to transfer the KSAs they had learned in their leadership development training.
Conclusion

Leadership development training represents a form of HR intervention, the central
purpose of which is to improve organizational performance. However, leadership development
training represents a worthwhile intervention only when training participants transfer what they
learn into persistent workplace practices. Both researchers and training practitioners use the term
training transfer to describe the process by which training participants extend learned KSAs into
the workplace beyond the training environment and sustain those learned KSAs over time. The
researcher’s investigation examined the lived training transfer experience of 17 participants in
the National Wildfire Coordinating Group’s L-380 leadership development training intervention.
The author identified eight factors that motivated the study’s participants to transfer the KSAs
they had learned in their leadership development training. In this paper, the author explored the
importance of two of those motivating factors, (a) self~understanding and self-improvement and
(b) resonance. Understanding these two motivations, along with their relationship to confidence
and self-efficacy, will prepare both training practitioners and academics to improve the aptitude
of organizations for providing training participants with the capacity to transfer their leadership

training into the workplace as a significant driver of training effectiveness.
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Abstract (200 words):

Climate change has significantly impacted wildland fire in the United States and these
impacts are expected to intensity throughout the coming century. Scientific information,
decision-making, and management actions that focus on ways to increase both ecological and
social resilience are therefore becoming increasingly important. Nonetheless, effectively
connecting science, decision-making, and management action remains a challenge for numerous
reasons. This study seeks to address this challenge by examining the development and
application of scientific information and also by identifying opportunities for connecting
scientific information with decision-making and on-the-ground management. This paper
describes the results of interviews that were conducted with scientists, managers, and other
stakeholders following a workshop about ecosystem resilience in the Southwest U.S. Results
indicate that scientific information is being used in formal and informal ways in land
management, that there are direct and indirect methods for developing scientific information for
management, and that there are advantages and disadvantages to different scientific information
communication formats. Two distinct types of scientific information needs are identified,
including the need for new research and the need for more effective communication of existing
scientific information. Lastly, recommendations for effectively connecting scientific information
with decision-making are provided.

Additional Keywords: resilience, Southwest United States
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Introduction

Global climate change has already had numerous impacts on fire regimes in the Western
U.S. (Westerling et al. 2006). In the Southwest U.S., climate change is expected to continue to
impact fire by altering fuel moisture, fuel loading, and ignitions (Kent 2015). These fire regime
changes create numerous challenges for land managers, scientists, and other stakeholders who
are observing novel effects and ecosystem trajectories after fires (Nijhuis 2012). It is critical to
begin to identify ways to effectively address these novel scenarios and foster resilience and
adaptive capacity, both ecological and social. In order to inform decision-making that can foster
resilience, managers need access to relevant, credible, and legitimate scientific information (Cash
et al. 2003). However, effectively using scientific information for decision-making can be
difficult due to numerous institutional factors within both scientific and management cultures
(McNie 2007; Sarewitz and Pielke 2007), as well as scientific and management uncertainties
about resilience (Ellenwood ef al. 2012). The intent of this paper is to describe the results of a
study that sought to address these challenges by examining the development and application of
scientific information and also by identifying opportunities for connecting scientific information
with decision-making and on-the-ground management in the Southwest U.S. Recommendations
for improving the connections between science and decision-making are also provided.

Background

Decision-making is a complex process that involves a wide range of considerations and
forms of knowledge (Doremus 2006). For wildland fire management, scientific information is
one of many decision-making inputs (Corringham et al. 2008; Steelman and McCaffrey 2011).
However, it is important to understand how scientific information specifically informs decision-
making and management action, as natural resource managers are mandated to use “generally
accepted” or “best available” science under legislative mandates like the National Environmental
Policy Act (NEPA) of 1969 and the Endangered Species Act (ESA) of 1973. Despite these
mandates, a range of institutional, cultural, and legal factors complicate how scientific
information is used in natural resource management (Schultz 2008; Wright 2010). Climate
change has introduced numerous scientific and management uncertainties that complicate
decision-making further. Managers are increasingly confronted with questions about how to
manage ecosystems after disturbances like wildland fire and how to foster ecosystem resilience
under rapidly changing conditions. They need access to timely and relevant scientific
information to inform decision-making, but there are many factors that complicate the
relationship between science and management, as well (Cash et al. 2003, McNie 2007; Sarewitz
and Pielke 2007).

In order to connect science with decision-making in a way that effectively supports
management actions that foster ecosystem resilience, it is necessary to have strong science-
management collaborations, which are any interactions that include “members of the research
community and members of the non-academic professional community who [have] a stake in
environmental research” (Ferguson ef al. 2014). Developing strong science-management
collaborations requires that scientific research be co-produced with involvement from scientists,
managers, and other stakeholders (Ferguson et al. 2014; Jacobs et al. 2005; Lemos and
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Morehouse 2005). This co-production of scientific information further necessitates strong human
institutions, which Dietz et al. describe simply as “ways of organizing activities” (2003).
Science-management collaborations are a form human institution that can support or hinder
decision-making and adaptive management (Folke 2006). Resilient ecosystems are those that are
able to absorb changes and persist (Holling 1973), while resilient human institutions are those
that are similarly persistent and flexible under changing conditions (Folke 2006). Therefore,
science-management engagements must be flexible enough to allow for the introduction of new
information to support decision-making and management action on the ground. This kind of
adaptive capacity in human institutions is especially important with respect to climate change, as
natural resource management must be able to effectively incorporate new scientific information
into decision-making. This study looks specifically at how scientific information is developed
and applied within this context.

Methods

The questions driving this research sought to address: 1) How is scientific information
about resilience currently used in management? 2) In what ways is management considered in
the development of scientific information about resilience? 3) What scientific information is
needed to improve our understanding of resilience? 4) How can scientists and managers work
together to effectively connect scientific information with decision-making? and 5) What are the
most effective ways to communicate scientific information?

This research took place in the Southwest U.S. from February 2014 to May 2014. Data
for this study was obtained from semi-structured interviews with participants who had recently
attended “Fostering resilience in Southwestern ecosystems: A problem solving workshop”,
which was hosted by the Southwest Fire Science Consortium in February of 2014 in Tucson,
Arizona. The workshop focused specifically on the role of resilience in wildland fire science and
management. The event drew a diverse audience of more than 180 managers, scientists, and
other stakeholders throughout the region to discuss the topic of resilience, which is characterized
by a great deal of uncertainty. It presented a unique opportunity to gain insights into the
challenges that climate change and resilience present for both science and management.

A total of 21 respondents self-selected to participate in this study, including 9 managers,
8 scientists, and 4 other stakeholders employed by non-profit or private organizations. All of the
interview respondents had had recently attended the resilience workshop, so they were especially
attuned to the topic of resilience. Interviews were conducted in March 2014. For the purpose of
this study, managers are defined as those who make land management decisions at the federal,
state, or local level, scientists are defined as those who conduct research for an academic
institution or research organization, and other stakeholders are defined as those who work for
non-profit or private organizations. Interviews were recorded and transcribed for use with NVivo
10 for Mac coding software. Interview coding was used to identify salient themes and patterns
among the interviews (Cope 2008, Ryan and Bernard 2003). Three rounds of coding were
conducted to identify basic concepts about science and decision-making, broad themes or
constructs within the data, and finally specific themes using an inductive, grounded theory
approach (Strauss and Corbin 1990).
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Key Results

Interview coding identified four major themes with respect to connecting scientific
information with decision-making: application of scientific information, development of
scientific information, communication of scientific information, and scientific information needs.
The results section discusses each of these themes, and is followed by recommendations for
effectively connecting science with decision-making.

Application of Scientific Information

Respondents were asked to describe how they currently use scientific information about
resilience in their work. The majority of respondents who stated that they use scientific
information were managers or other stakeholders who described formal and informal approaches.
Formal application of scientific information is that which occurs in project planning, such as
work associated with the National Environmental Policy Act (NEPA), or project implementation,
for example writing a silvicultural prescription. When formally applying scientific information,
respondents directly reference or cite scientific information according to statutory requirements
that mandate use of “generally accepted” or “best available” science. Many of these respondents
noted that in these formal situations they are responsible for finding, interpreting, and applying
scientific information, which can be time consuming and challenging.

Meanwhile, informal application is that which occurs more organically, does not involve
formal documentation, is used to supplement individual knowledge and experience, and is
typically applied during fieldwork or engagement with the public. Informal application occurs
within the bounds of current agency guidelines and statutory requirements where flexibility
allows. It is not necessarily any less rigorous than formal application, but it does not involve
documentation or reference to specific scientific studies.

There are a number of limitations associated with the application of scientific
information, both formal and informal. The most frequently cited limitation was communication,
which can be hindered by lack of time, uncertainty about who to contact, cursory engagement,
and lack of interest. Respondents also noted that access to scientific information, translating
scientific results into management contexts, connecting the scales of scientific studies with the
scales management concerns, conflicts between scientific recommendations and agency
guidelines and restrictions, and emphases on other decision-making factors like social, political,
or economic concerns present additional challenges in the application of scientific information.

Development of Scientific Information

Respondents were also asked to describe how they develop scientific information about
resilience. The majority of respondents who stated that they develop scientific information were
scientists who described direct and indirect approaches. Direct development of scientific
information for management occurs when scientists work directly with managers or other
stakeholders to design research that is meant to address management needs. This involves long-
term engagement and necessitates sustained communication and feedback among scientists and
managers over long time periods. The only scientist who described that this type of engagement
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was affiliated with a non-academic research organization that permits that level of engagement,
whereas the other scientists who were affiliated with academic organizations noted that their
expectations and responsibilities often limit that level of engagement.

Indirect development of scientific information, on the other hand, was most common for
the majority of the scientists. This refers to instances where research results that were not
specifically designed for management applications do have decision-making relevance.
However, it is often difficult to effectively translate scientific information into a decision-making
context unless the research was explicitly designed to do so (Sarewitz and Pielke 2007).
Nonetheless, all of the scientists noted that their research was meant to advance some goal
beyond basic scientific knowledge.

There are also limitations associated with the development of scientific information. One
of the biggest limitations was lack of time for sustained engagements, which can last many years
and conflict with organizational responsibilities and expectations. Additional limitations include
research timing that conflicts with management responsibilities, poor communication,
undeveloped or underdeveloped personal relationships, unclear expectations, and limited
resources like funding, equipment, and personnel.

Communication of Scientific Information

Respondents were asked how they prefer to deliver and receive scientific information.
Respondents described both verbal and written formats. Verbal formats are those that are
delivered aloud, while written formats are delivered in hardcopy. The verbal formats discussed
included in-person meetings, site visits or field trips, workshops, conference or interagency
meeting presentations, and webinars. The majority of respondents stated that they prefer to
receive and deliver scientific information in-person or in the field. In-person interactions provide
opportunity for two-way dialogue, on-the-ground examples, and broader knowledge sharing.
Respondents were divided about the efficacy of other verbal formats, which tend to be more
formal, can vary significantly in quality, and offer more limited opportunities for dialogue and
interaction.

The written formats discussed included concise summary formats like fact sheets or
digests, white or working papers, formal reports, and scientific articles. The majority of
managers noted that they prefer to receive written scientific information in concise, summary
formats, which do not require a lot of time to read and digest. However, the majority of managers
also described searching for and reading scientific articles, especially when formally applying
scientific information. At the same time, most of these managers explained that they had
developed personal strategies for skimming scientific articles in order to quickly access the
major points. Some of them also expressed concern that their colleagues were turned off by
scientific articles or not using them altogether. The majority of scientists stated that they
primarily communicated their results with scientific papers or formal reports but that they were
aware of their potential limitations. However, because most of the scientists interviewed in this
study worked for academic organizations, they noted that they are required to produce scientific
papers, so that was their primary format of communication. Only a few respondents discussed
white or working papers, but those that did noted that they are useful for getting a broad
overview of a topic.
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The most preferred method of scientific information communication for all respondents
was in-person and in the field. However, there are various advantages and disadvantages for all
formats. In sum, there is no single best verbal or written format for communicating scientific
information, and it is critical to deliver results in a range of formats in order to appeal to different
audiences. It is also helpful to make an effort to distribute results broadly to any potential users
of the information, as well as be available for in-person meetings when feasible.

Scientific Information Needs

Respondents were prompted throughout the interviews to identify strategies to more
effectively connect science with decision-making and on-the-ground management. Based on the
results, two distinct types of scientific information needs were identified, including the need for
new research and the need for more effective communication of existing research. It is critical to
first determine whether a new study is needed or whether communication of existing scientific
information is sufficient. With the case of resilience, scientific information may be rapidly
evolving, which oftentimes warrants new research. However, there are many instances where
communication of existing information can effectively address a decision-making need.

New research is necessary when entirely novel scientific information is necessary to
address a management question. This could include anything from application of established
methods in a new context to the development of an innovative approach to address an evolving
question. The development of new research necessitates sustained engagements among scientists
and managers. Respondents described the following general considerations for conducting new
research: partners, questions and concerns, expectations and limitations, resources, study design,
study implementation, and interpretation and application. First, it is critical to convene any
relevant partners who are united by a common problem or interest in-person and in the field.
Relationships among research organizations, land management agencies, non-governmental
organizations, and funding agencies should be fostered to allow partners to focus on their
particular skillsets within the partnership. The relevant partners should define what specific
questions and concerns will be addressed, as well as clearly state their expectations and
limitations in order to ensure that the research meets the needs of everyone involved and to
develop trust. Next, funding and other resources need to be procured, and if possible, specific
requests for proposals (RFP’s) should be developed to draw additional partners to the process.
The research design should be occurring from the outset of the engagement, but the final design
should be reviewed and approved by all partners. Communication and feedback should be
ongoing throughout the study implementation to ensure that the research is proceeding according
to the agreed expectations and limitations. Finally, once new scientific information is generated,
whether it is preliminary findings or larger conclusions, the partners should discuss how to
interpret and apply it to the management concerns. Once the information has been interpreted, it
can feed into a larger adaptive management process that involves implementation, monitoring,
evaluation, adjustment, and future assessment and design as warranted.

Respondents also identified a number of specific research needs to improve our
understanding of resilience for management. A number of managers wanted more specific
information about how to manage for climate change, as well as more specific climate data or
reference conditions that might better reflect potential future conditions. There was also a great
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deal of interest in broad, landscape-scale experimentation to test the effects of management
actions. Respondents also wanted more specific information about how to foster resilience after
fire and other disturbances, as well as more social science about the connections between social
and ecological systems, decision-making and communication, and public reactions to
management actions.

Meanwhile, the need for communication of existing scientific information occurs when
the necessary research or data exists to inform a management question but has not reached the
appropriate managers or has not been effectively interpreted or applied. Communication of
existing scientific information may refer to everything from preliminary data to larger
conclusions. Respondents described the following general considerations for communicating
existing scientific information: partners, questions and concerns, access, refinement, delivery,
and interpretation and application. As with new research, it is first critical to convene any
relevant partners who have a common interest or problem. This necessitates the development of
communication networks that effectively connect the relevant partners. Next, partners should
discuss how the existing scientific information might be able to address the relevant questions
and concerns. Once the specific information has been identified, it needs to be accessed, and
depending on what formats are available, it may need to be refined into other formats in order to
be effectively utilized. Finally, the information should be delivered in a variety of formats so that
it may be interpreted and applied to the management questions and concerns.

There may be cases where there is uncertainty about whether scientific information exists
to inform a given management question or need. In these cases, knowledge networks, which are
composed of the relevant individuals and organizations that are making an effort to maintain
sustained communication and information dissemination will need to be accessed and fostered
(Feldman and Ingram 2009). Effective communication among scientists and managers is
fundamental to ensure that scientific information meets decision-making needs (Jacobs et al.
2005). Knowledge networks can be formal and informal, so it is important that both managers
and scientists seek them out in a variety of places, as they vary from place to place. It is also
helpful to share success stories in order to identify best practices and share examples widely.

Conclusion and Recommendations

Five major takeaways can be gleaned from this study. First, in order to effectively
connect resilience science and decision-making, in-person meetings and discussion among
scientists, managers, and other stakeholders should be facilitated before the research process
begins. Second, it is critical to identify common goals and design projects to meet those goals
while allowing all partners to focus on their strengths and skills. Third, sustained, ongoing
interactions before, during, and after research should be encouraged. Fourth, scientific
information should be communicated in a range of formats with an emphasis on in-person
communication. Fifth, scientists, managers, and other stakeholders should all make an effort to
tap into existing knowledge networks and share success stories widely. These recommendations
can help to develop resilient science-management collaborations by providing a degree of
flexibility within current institutional limitations. It is critical to focus on developing partnerships
and knowledge networks over time in order to support existing and developing science-
management collaborations. Future research should test these recommendations and identify
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specific examples of the effective development and application of scientific information about
resilience for decision-making and management action.
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Abstract:

The state of Texas suffered a devastatingly serious wildland fire season in 2011. In order to
better prepare for future fires and to more effectively use available resources, the state
determined that additional training for emergency assets was necessary. As one of the supporting
agencies responsible for wildland fire management, the Texas Department of Transportation
determined that the maintenance division needed to be properly instructed as to how to most
safely and effectively be deployed for wildland fire response. The Texas Tech University Center
for Multidisciplinary Research in Transportation was contracted to develop and provide this
training. This paper presents a synthesis of the lessons learned from developing the training
program for Texas Department of Transportation employees. Emphasis is placed on the specific
role that the Texas Department of Transportation plays in wildland fire response. Lessons for
other departments of transportation are provided based on an examination of what other states do
and the findings from the training program.

Additional keywords: Safety, Transportation, Management

Introduction

In 2011, the state of Texas suffered an extremely costly wildland fire season, with a significant
number of wildland fires occurring across the state. The extreme conditions took a costly toll on
the state of Texas, both financially and emotionally, causing the state government to investigate
more effective means of emergency management, particularly in response to wildland fires. One
major thrust of this effort was to redefine how various state assets are used in emergency
management. During the 2011 season, the Texas Department of Transportation (TxDOT) was
one of the main entities that responded to wildland fires. However, TxXDOT response was often
disorganized and varied significantly from district to district.

In order to address this issue, TXDOT managers contracted the Texas Tech University Center for
Multidisciplinary Research in Transportation (TechMRT) to identify best practices for wildland
fire management and to train TXDOT personnel on safe procedure. The research team designed
six training modules to be taught in one-day workshops to accomplish the following tasks:
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e Explain TxDOT's role in wildland fire response
e Utilize data collection resources to communicate and catalog information regarding
wildland fire events

e List and safely use the proper resources and equipment for wildland fire response

¢ Explain the basic fundamentals of fire behavior and fire safety

e (Cooperate with other agencies at a wildland fire event
A total of nine training workshops were hosted, and responses from attendants were collected to
assess performance.

The purpose of this paper is to illuminate the potential roles of departments of transportation
(DOTs) in wildland fire response through the lens of how TxDOT operates. First, a brief
literature review regarding how select other departments of transportation are used in wildland
fire response is presented. Second, summaries of each training module are presented, including
key points and practices. Third, the results of the training workshops are discussed to illustrate
how well the core concepts were relayed and how other departments of transportation may
benefit from the training.

This research provides a potential training framework for other departments of transportation that
respond to wildland fires to adopt and modify as fits in a state's unique socio-political culture.
Moreover, the effectiveness of this training is demonstrated. When managed properly,
departments of transportation can be a powerful asset for state governments. This paper is based
largely on the research documented in several reports and in the workshop materials (Nash, et al.,
2012; Nash, et al. 2012; Nash, et al. 2014).

Literature review

The primary purpose of this paper is to illustrate how departments of transportation may be used
as state assets for wildland fire response. Although TxDOT is the primary agency under
consideration and is the main focus of this paper, select other departments of transportation were
also investigated to see if similar roles existed. Colorado, California, Wisconsin, and Florida
were all discovered to have state policies in place for how the DOTs could be used during
wildland fire situations.

Similarly to TxDOT, the Colorado Department of Transportation (CDOT) has incident annexes
that specify that the DOT is a support agency to the state’s lead agency for wildland fire
responses. The state Annex document lists the following duties for CDOT when assisting in
wildland fire response: to coordinate permanent and mobile electronic road signs as needed for
prevention evacuation, road closure, response, and mitigation activities, and to provide
equipment as needed and available (Colorado Division of Homeland Security and Emergency
Management 2013). Texas wildland fire policy is also governed by annexes, and TxDOT
performs the same functions as CDOT, although other responsibilities are also given to TxDOT.

The California Department of Transportation (Caltrans) also takes a role in wildland fire
response, but its responsibilities are limited in scope in comparison to TXDOT. The research
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team found that Caltrans is responsible for providing government staff with early morning
notices of fire danger ratings (CTC & Associates LLC 2014) and for publishing road closure
information (California Department of Transportation 2009). TxDOT also provides road closure
information to the media and performs traffic control duties during wildland fire events. Caltrans
does differ from TxDOT though in that it maintains geographic information systems (GIS) maps
during wildland fire events to help other agencies coordinate response efforts (CTC & Associates
LLC 2014). Although the research team did suggest that TxXDOT use available maps during fire
events, it is not known at this time if such resources exist.

The Wisconsin Department of Transportation (WisDOT) has an even more limited set of
responsibilities, with researchers only being able to identify that WisDOT performs traffic
control (Wisconsin Department of Transportation 2012). In contrast, the Florida Department of
Transportation (FDOT) is given more thorough responsibilities by the state for wildland fire
response. FDOT utilizes Traffic Incident Management (TIM) Strategic Plans to control traffic
flow and assist other agencies during fires. These TIM teams are flexible, interdisciplinary, and
may operate across multiple jurisdictions (Florida Department of Transportation 2011). Although
TxDOT may be part of a multi-disciplinary response team, wildfire events are typically handled
on a district by district basis.

It is likely that other DOTs have similar policies and follow their own state emergency operation
protocols, but the research team was unable to identify other applicable literature. The majority
of government agencies in the United States only consider traffic control and evacuation
procedures relevant for transportation agencies during wildland fire response. Numerous
agencies, from the Federal level (Wolshon 2009) down to cities and Metropolitan Planning
Organizations (MPOs) (Paz de Araujo, et al. 2014) consider transportation a great asset during
wildland fire situations but rarely use DOTs for more. The research team agrees with the State of
Texas that the capability for transportation agencies to be a critical asset during wildland fire
situations extends far beyond the simple planning and traffic control suggested by most
(Konstantinidou, et al. 2015).

Training workshop modules
The research team planned and developed six workshop modules to address the various aspects
of how TxDOT should respond to wildland fire events. These six modules encompassed the
following topics:

¢ Introduction and best practices

e Organization and communication

e Resources and equipment

e Safety

e Documentation and data collection

e Training programs
A total of nine training workshops were conducted in Lubbock, Alpine, San Antonio, Houston,
Corpus Christi, Dallas, Fort Worth, and Brownwood. Attendants included TxDOT Directors of
Operations (DOOs), Directors of Maintenance (DOMs), Area Engineers (AEs), maintenance
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managers, maintenance supervisors, assistants, and crew chiefs, but other personnel were
welcome to attend.

The first module of the workshop covered the first phase of the research project. Prior to
developing the modules, the research team interviewed DOMs from different TxDOT districts
and asked a range of questions regarding how each district responds to wildland fire events.
Responses were gathered in relation to advance preparation, requests for services,
communication, safety responsibilities, resource utilization, training effectiveness, and
experiences from the wildland fire season in 2011. After synthesizing all of the results, the
research team worked with the TxDOT Emergency Management Council (EMC) Representative
to determine best practices based on the most common responses. These best practices were
introduced in Module 1 but were ultimately interwoven into the remainder of the workshop
modules. The best practices include:

e TxDOT should not mobilize in response to a wildland fire event until the DOM/DOO is
notified by the District Disaster Committee (DDC) unless there is imminent threat to life
and property.

e TxDOT does not work off of the right-of-way (ROW) unless notified by the DDC.

e The DOM will authorize which TxDOT resources to use.

e TxDOT must deploy traffic control devices for smoke control and continually update the
Highway Condition Report (HCR) on Drive Texas.

e TxDOT must notify county governments regarding evacuation routes.

e Asapplicable, TxXDOT should prepare with dozers, moto-graders, fuel trailers, water
trailers, sign trailers, and traffic control devices.

Only TxDOT personnel may use TxDOT equipment.

e Volunteer firefighters employed by TxDOT may be approved for personal leave during
an event.

e TxDOT employees should avoid direct contact with wildland fires.

e TxDOT employees engaged in wildland fire response are required to take Federal
Emergency Management Agency (FEMA) training.

These best practices were introduced as a means to frame the remainder of the training workshop
modules.

Module 2 dealt specifically with organization and communication. In this module, workshop
attendees were introduced to the command structure of wildland fire response in the state of
Texas and informed how communication flows between channels during an event. In this
module, students were informed that TxDOT is one of several support agencies listed under
Emergency Support Function (ESF) F- Firefighting in the Texas State Emergency Management
Plan. The primary agency for firefighting in Texas is the Texas A&M Forest Service
(TA&MFS). As such, TA&MFS is the lead agency at a wildland fire event, so TxXDOT DOMs
relay needs from TA&MFS to TxDOT personnel on site. It should be noted that since the
workshops were held, the ESF has been changed from ESF F to ESF 4 (Texas Department of
Public Safety 2012).
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In addition to identifying the corresponding agencies for wildland fire response in Texas, Module
2 also explained the tiered approach to response employed by the state. State resources are
typically only activated when fires exceed the control of local fire departments. If state resources
are deemed insufficient, out-of-state agencies may be mobilized. This model fits into the existing
protocols for different incident types. TxDOT is typically deployed if a fire becomes a Type IV
event, as illustrated in Figure 1 from the workshop instructor manual.

Five Types of Emergency Incidents

* These are rated by complexity.
—Type | incident A
—=Type Il incident
—Type lll incident Increase in intensity
—Type IV incident «——}— TxDOT responds at this level or higher!
—Type V incident

»* TA&MFS developing teams to handle different types of
incidents.

= Currently there are multiple Type lll Teams and one
Type Il Team

561735 Wikl Fire Managemment Training

Fig. 1: Incident Types and TxDOT Response

Lastly, in Module 2, students were given a number of helpful resources. These included figures
displaying the DDC Chairs and Texas Division of Emergency Management (TDEM) Regional
Coordinators, maps showing the locations of various TA&MFS resources, and National Incident
Management System (NIMS) communication and training sheets. These resources, particularly
the NIMS material, helped attendants to understand their role in wildland fire response.

Module 3 dealt specifically with the resources and equipment that may be deployed at a wildland
fire event. A sizeable portion of the content was dedicated to information resources. Attendants
were shown how to access maps and information from TxDOT, FEMA, TA&MFS, Texas
Interagency Coordination Center (TICC), Meso-West, National Oceanic and Atmospheric
Administration (NOAA), and National Weather Service (NWS). Attendants were encouraged to
understand these resources so that districts could plan accordingly and stage equipment in case
the agency was mobilized.

In addition to the maps and weather information, attendants were given materials from the
National Wildfire Coordinating Group (NWCG) Dozer Boss S-232 guide (National Wildfire
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Coordinating Group 2006). TxDOT personnel, when assigned to work off the ROW at a
wildland fire event, may use their own equipment, such as bulldozers and motor-graders, to
assist firefighters in cutting fire lines and escape routes. However, the research team reminded
the attendees that they are not firefighters, that they should never engage in a direct attack on the
fire, and that they have the right and responsibility to turn down risk as appropriate.

Module 4 was designed to cover the many aspects of safety in regards to wildland fire response.
One of the main concerns that developed after the 2011 wildland fire season in Texas was that
TxDOT personnel were responding to fires while underequipped. Numerous interviewees
expressed a desire for better Personal Protective Equipment (PPE). In response to these concerns
revealed through the research project, TXDOT management authorized the purchase of two
Wildland Fire Emergency Response Trailers. These trailers came fully equipped with a sufficient
number of Nomex coveralls and helmets with face shields, as well as a select number of fire
shelters in case of emergencies. Attendees were also encouraged to prepare a bag with gloves,
boots, cotton clothing, and safety glasses during fire season. Additionally, the trailers were
equipped with cots, first-aid equipment, flood lights, water, and other supplies. One trailer was
brought to each workshop to show attendees how to use the equipment. Figure 2 shows a
demonstration of the trailer.

In addition to PPE, the importance of communication for safety was emphasized. In the State of
Texas, agencies use the Texas Statewide Interoperability Channel Plan to communicate during
emergency situations (Texas Statewide Interoperability Committee, The Texas Interoperability
Communications Coalition, and the Texas Department of Public Safety 2014). There are
dedicated narrowband channels for wildland fire situations, and attendees were encouraged to
familiarize themselves with the plan in order to understand how to interact with TA&MFS and
other responding agencies. The communication segment also included tips from the “6 Minutes
for Safety” series published by the Wildland Fire Lessons Learned Center (Wildland Fire
Lessons Learned Center 2015). Other topics from the 6 Minutes for Safety series were featured,
including:

e Driving safety
Hazardous materials encounters
Vehicle entrapment
Managing vehicle traffic in smoke
Health concerns
Utility hazards

e Weather hazards
These topics were included due to the often unpredictable nature of wildland fire situations.
TxDOT personnel are not firefighters and should stay well away from fires, but situational
awareness is critical during emergency situations.
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Fig. 2. TxDOT Wildland Fire Emergency Response Trailer Demonstration

Module 5 dealt with documentation and data collection. This module was explicitly concerned
with how TxDOT employees responding to wildland fires should collect and transmit data.
TxDOT personnel use Daily Activity Reports (DARSs) to catalog information regarding a day’s
activities; these logs are also used for wildland fire events, and the data is entered into TxDOT’s
intranet through wildfire task numbers. This daily reporting allows the agency to track personnel
and ensure that equipment is being used responsibly and that personnel are safe. The national
archetype for Action After Reviews (AARs) were also introduced to encourage attendees to hold
debriefings after a day of activity in order to address possible concerns or needs for
improvement. The AAR format used was based on that mentioned in the 6 Minutes for Safety
series (Wildland Fire Lessons Learned Center 2015). It should be noted that both response
trailers also come equipped with a daily log sheet to keep track of personnel in the field and what
equipment is in use. By discussing all of these topics, the workshop facilitators emphasized the
importance of clear communication, both within the agency itself and with other agencies. Data
collection and storage allows relevant information to be communicated to parties who may need
it in the future.

Module 6, the final session of the workshop, was designed to provide attendees with a quick
primer on fire behavior and firefighting tactics. The purpose of this module was not to equip
attendees to engage in fire suppression. The workshop facilitators repeatedly reminded attendees
that they are not firefighters and should never be engaged in direct attacks against the fire;
instead, TxDOT may assist firefighters by cutting indirect lines away from the fire’s edge. The
purpose of informing attendants about how fires behave and what sort of firefighting activities
take place was to encourage the TxDOT personnel to know which duties to refuse if requested by
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firefighting coordinators at an event. An example slide of how the different kinds of attacks were
explained is shown in Figure 3.

56735 Wildland Fire Management Training

Fig. 3. Indirect Attacks on a Fire

The module was concluded by giving attendees a list of other training courses with applicable
links. Attendees were encouraged to pursue further training as interested for the express purpose
of gaining more insight into how to keep TxDOT personnel safe while responding to wildland
fire incidents. The primary training program recommended was the TICC Wildfire Academies
and Fire Schools page (Texas Interagency Coordination Center 2015).

Workshop attendees were given a student manual with a variety of references to provide more
information as applicable. These references included a number of 6 Minutes for Safety handouts
(Wildland Fire Lessons Learned Center 2015), the S-232 Dozer Boss appendix (National
Wildfire Coordinating Group 2006), the full Texas Statewide Interoperability Channel Plan
(Texas Statewide Interoperability Committee, The Texas Interoperability Communications
Coalition, and the Texas Department of Public Safety 2014), a full copy of the Incident Response
Pocket Guide (IRPG) (National Wildfire Coordinating Group Operations and Workforce
Development Committee 2010), and a copy of the NIMS Training Program ((Department of
Homeland Security 2011). In addition to the expansive student manual, attendees were given two
smaller pocket guides. The first was a small Incident Command System (ICS) pocket guide
published by QuickSeries (QuickSeries 2012). The second was a TxDOT specific pocket guide
containing useful figures from the manuals and itemized key points for quick reference. Both
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tools are designed to be kept in an employee’s belongings when responding to a wildland fire
incident in order to quickly provide him or her with relevant information. As mentioned,
TxDOT’s role in wildland fire response is support, and the agency’s key concern is safety.

Results of training workshops
At least 557 TxDOT employees attended the nine workshops. In order to gauge the effectiveness
of the workshops, the research team added questions to a standard TxDOT Evaluation sheet.
Questions were broken into two sections. The first set contained standard TxDOT boilerplate
questions regarding workshop efficacy. The questions included:
1. The course improved my skills, knowledge, and abilities.
The course material was useful.
The information in this course is current.
The activities helped in learning the material.
The audio/visual aids improved the course.
The trainer(s) were knowledgeable about the topics.
The trainer(s) encouraged participation.
The trainer(s) provided feedback and answered questions.
Overall, I am satisfied with what I learned in this course.

XNk WD

The second set dealt more specifically with the objectives of the workshop. The questions
included: By the end of this course, I can...

1. Explain TxDOT’s role in wildland fire response.

2. Utilize data collection resources to communicate and catalog information regarding
wildland fire events.
List and safely use the proper resources and equipment for wildland fire response.
Explain the basic fundamentals of fire behavior and fire safety.
5. Cooperate with other agencies at a wildland fire event.

W

Respondents were asked to rate each question as either:
e Strongly agree

Agree

No comment

Disagree

Strongly disagree

A total of 527 responses were collected, though two attendees did not answer every question. In
order to numerically evaluate the efficacy of the workshops, a numerical score was assigned to
each possible answer, with “Strongly Agree” equaling 5 points and “Strongly Disagree” equaling
1 point. Average scores were collected for each workshop, then the total averages were weighted
against the number of respondents per session. Table 1 shows the average numeric score for each
question from the entire workshop.
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Table 1. Results from entire workshop series

San Houston Houston Corpus Fort
1 Lubbock Alpine Antonio 1 2 Christi Dallas Worth Brownwood Average
1.1 4.21 4.48 431 4.30 4.43 4.32 4.32 4.42 4.39 433
1.2 4.17 4.57 4.35 4.24 4.43 4.30 4.26 4.42 4.39 4.32
1.3 4.19 4.46 4.24 4.40 4.50 4.30 4.28 4.45 4.43 433
1.4 4.07 4.46 4.08 4.20 4.29 4.28 4.13 433 4.39 4.22
1.5 4.22 4.34 4.10 4.24 4.29 4.40 4.32 4.44 4.46 4.30
1.6 4.39 4.55 4.45 4.44 4.50 4.57 4.46 4.56 4.60 4.49
1.7 4.28 4.42 4.27 4.40 4.36 4.42 4.38 4.44 4.44 4.37
1.8 4.34 4.48 4.37 4.36 4.43 4.54 4.42 4.52 4.53 4.43
1.9 4.18 4.57 4.33 4.33 4.36 4.38 4.28 4.42 4.36 4.34

San Houston Houston Corpus Fort
2 Lubbock Alpine Antonio 1 2 Christi Dallas Worth Brownwood Average
2.1 4.22 4.58 4.20 4.36 4.43 4.57 4.38 4.47 4.47 4.39
2.2 4.12 4.40 4.08 4.16 4.29 4.28 4.26 4.29 4.36 4.23
2.3 4.18 451 4.20 4.26 4.43 4.38 4.37 4.36 4.39 4.32
2.4 4.16 4.45 4.24 4.29 4.43 4.36 4.33 4.38 4.39 431
2.5 4.19 4.55 4.24 4.28 4.43 4.32 4.36 4.44 4.44 4.34

As can be seen in Table 1, the scores indicate that attendants were, on average, supportive of the
workshop, with all responses ranging somewhere between “Agree” and “Strongly Agree”. The
two highest rated topics from Question Set 2 were “Explain TxDOT’s role in wildland fire
response” and “Cooperate with other agencies at a wildland fire event.” From these results, it can
be gathered that the workshop accomplished its objective of explaining the DOT’s role and how
it fits into the overarching wildland fire response structure. Figure 4 shows the number of actual
responses to each of the five questions in set 2. In this figure, “No Comment”, “Disagree”, and
“Strongly Disagree” are all grouped together.
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M Explain TxDOT's role in wildland fire

350
response.
300
m Utilize data collection resources to
250 communicate and catalog
information regarding wildland fire
events
200 m List and safely use the proper
resources and equipment for
150 wildland fire response
100 B Explain the basic fundamentals of
fire behavior and fire safety
50
m Cooperate with other agencies at a
0 wildland fire event
Strongly Agree Agree No Comment or
Disagree

Fig. 4. Number of Responses in Each Category in Each Question

Of note from this figure is that more respondents agreed than any other option. This indicates the
effectiveness of the training and shows that the skills were transmitted. A number of positive
comments were left on the evaluation sheets, including:
e “Great to finally see this course offered to us. Since we are the ones on the ground during
these fires.”
e “Clear eye opener.”
“Well thought out curriculum. Very specific info and not a bunch of unneeded ‘filler’.”
e “Class was very informative and information provided will be useful for future
incidents.”
e “Needed this basic rundown about this situation.”
“Very excellent class. Covered all aspects needed.”
e  “Why have we not had this sooner?”

Some critical comments were left as well, and the research team documented these comments
and attempted to address them as feasible between each workshop, altering both the visual
materials and the handouts. Overall, the responses and evaluations indicated that the workshop
series filled a void of needed training for TxDOT employees and helped equip them to properly
respond to wildland fire events.

Discussion and conclusions

Ultimately, the purpose of this paper is to identify how DOTs can be used for wildland fire
response. Through developing the workshop series and by researching how other states use their
DOTs, the research team narrowed down the role of a DOT during wildland fire response to a
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few narrow protocols. These may not be entirely applicable to every state, but when used
properly, DOTs may prove to be a valuable asset.

DOTs are support agencies. Most states have ESFs that dictate which agencies are responsible
for wildland fire response. Although DOTs may be invaluable assets during emergency
situations, DOT employees should not perform firefighter activities. They should only perform
indirect operations to support lead agencies.

DOTs should only deploy when mobilized by the appropriate emergency agency unless there is
imminent threat to life and property. DOT personnel are not firefighters and should never
perform firefighting activities. However, when life and property is threatened, DOTs may have
the capacity to provide evacuation or to perform indirect actions to assist those in need.
Understanding how mobilization commands are communicated may allow for swifter response.

DOTs can perform a number of activities to assist in wildland fire response and management.
Common activities include distributing fuel and water, cutting lines, and controlling traffic.
However, other activities, such as transporting equipment, distributing weather reports,
maintaining GIS databases, and notifying citizens of evacuation routes are also applicable. DOTs
are typically large organizations with sizeable fleets and equipment, so they may be used in a
number of different capacities.

The research team encourages all DOT personnel who may be engaged in wildland fire response
to follow these five rules:

e Know the chain of command.

e Know when to deploy.

e Know who will be deployed.

e Know what activities the DOT may perform.

e Know what the DOT’s priority is.
Following these rules should ensure safe and efficient response. DOTs are important state assets
that can be used to greatly support lead agencies during emergencies. All states should have
some emergency protocol in place for how to use DOTs as applicable.
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Abstract:

Southern California is a particularly challenging environment in which to manage and
adapt to wildland-urban interface fires. We examine relationships between wildfire knowledge
and experience, readiness actions, and media choice to determine: How can we best integrate
preparedness information and risk information from the recently developed Santa Ana Wildfire
Threat Index (SAWTI) into public information dissemination?. Integration of SAWTI into current
Southern California wildfire risk communication is important as Meteorological Forest Fire Risk
Indices are most effective when they are geographically specific (ex. Manta et al. 2006; Mestre
and Manta 2014), and SAWTI has been shown to generate accurate 6-day forecasts for Large
Fire Potential, providing information that can both allow response agencies to position resources,
and can enable the public to better understand and respond to wildfire risk (Wall et al. 2014).

This idea of geographically specific risk is important as risk perception and information
seeking have been shown to be related (ex. Lindell et al. 2005). Local information seeking and
public information dissemination have been linked to both locally-specific public risk perception
(ex. Brenkert-Smith et al. 2013) and wildfire preparedness actions (ex. McCaffrey 2004).
Research into wildfire risk communication has shown that effective management requires
communication to take place both before as well as during events (McCool et al. 2006), and that
public trust in media before events can influence information seeking and application during
events (Steelman et al. 2013). Messages targeted to specific cultural and social groups and use of
two-way as well as one-way communication are recommended to ensure public trust in messages
(ex. Chess 2001), as are up-to-date media sources (ex. McCaffrey et al. 2013).

To best understand how to communicate risk to the public, it is important to understand
sources from which the public seeks information both on a daily basis and when a wildfire is in
the area. This includes understanding whether people use the same sources for daily and
wildfire-specific information; which sources they consider trustworthy and up-to-date;
respondent knowledge of wildfire; type of preparedness actions, and demographic and
geographic differences in information seeking. Based on previous studies we would expect: H/)
People will be most likely to seek information during fires from sources used when no fire is
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occurring; H2) Sources considered most trustworthy will not be the same as those considered
most up-to-date; H3) There is a positive correlation between wildfire knowledge and the total
information sources used to seek wildfire information, and H4) There is a relationship between
type of preparedness actions undertaken and total information sources used to seek wildfire
information. We would also expect to find gender differences in information seeking behavior as
well as differences in information sources used by geographic area.

Data for this study are from 459 telephone surveys (completion rate 41%) conducted in
2012 with select residents of San Diego (213) and Los Angeles (245) counties, in California.
Data analysis was conducted using IBM SPSS Statistics 19. Descriptive statistics, T-tests,
ANOVAs, Pearson’s correlations and Fisher’s exact tests were used to describe and test
relationships.

We find partial support for H1, with television as the most frequently used source for
both daily news and wildfire information, with most people intend to seek information from the
same sources in future fires. We find support for H2, indicating sources considered trust-worthy
are not always those considered the most up-to-date. Local television stations were generally
considered trustworthy and up-to-date, but there is lack of agreement among other sources
including emergency personnel and radio. We find a weak but positive correlation between
wildfire knowledge and total information sources used, and that there are significant differences
between types of preparedness actions undertaken and total information sources used during
fires, supporting H3 and H4. No significant differences were found in information seeking by
gender, but importantly, we did find differences by geographic area in information sources used
during fires.

Findings from this study add to literature demonstrating that trust, risk perception, and
information processing are related. In light of findings we recommend that locally specific risk
information like SAWTI should be distributed through trusted, up-to-date, frequently used
sources like local television, but caution against reliance solely on uni-directional information
sources. Prior to fire season, the public should be educated on geographically-specific risk to
encourage mitigation using engagement-based communication between officials and the public,
and short, actionable items for homeowners. The public should be familiarized with SAWTI
through public information meetings, public service announcements, and, if possible, door-to-
door canvassing in areas of highest risk. During fire season, it is important that officials ensure
consistent messages between uni-directional and interactive information sources. During times of
LFG potential, preparedness and evacuation messages should be concentrated with daily weather
information sites and television and internet news sources, and should contain short, succinct,
actionable messages for the public.
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Significant changes occurring in the wildland fire environment of the United States are generating
uncharacteristic shifts in the complexity, behavior, extent, and effects of wildfires. Increases in wildfire
numbers, temporal and spatial scales, and ecological, social, and economic impacts are happening across
all land uses and jurisdictions.

Treatment of wildland fuels to mitigate the risk of severe wildland fire impacts to human communities
and valuable natural and cultural resources, and maintain and improve the health and resiliency of forest
and rangeland ecosystems is emerging as a keystone land management process. With fuel treatment
activities receiving greater attention and scrutiny, it is imperative to find ways to improve planning and
implementation effectiveness. Science is increasingly important in advancing knowledge levels and
facilitating opportunities to heighten management capabilities. Science can help identify and address
critical research questions, encourage investigations to address those questions, and present and deliver
new knowledge that informs decisions of natural resource policy makers and land managers.

As part of continuing efforts to support research and management, the Joint Fire Science Program (JFSP)
has solicited, peer-reviewed, and funded proposals to address fuel treatment effects and effectiveness and
commissioned development of Science Plans that aid in planning and implementing its research vision for
the immediate future. The 2014 Fuel Treatment Science Plan (FTSP) has been constructed to address the
full scope of the fuel treatment program. It includes assessments of important program elements and
those central considerations and issues that influence and drive the program. It has strategic and
operational implications across local, regional, national, and interagency planning scales; across the range
of short-, intermediate, and long-term temporal scales; across unit, landscape, regional, and national level
spatial scales, and is applicable to both public and private situations.

The FTSP was developed in multiple phases that included: information acquisition, information analysis,
synthesis of FTSP framework, and plan preparation. Information gathering processes that were utilized
included a web-based questionnaire, which was implemented as two distinct options: one for federal
employees and organizations and one for non-federal employees and organizations. The response to both
options was outstanding with a total of over 1300 responses received. Personal interviews, published
literature reviews, attendance at professional conferences and meetings, and review of other relevant JFSP
source information provided additional sources of information for the plan.

Information analysis during development of the FTSP was based on examination of the overall fuel

treatment program. This approach supported responsiveness to topics across the entire fuel treatment
program spectrum rather than only on current high interest topics.
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The synthesis of the FTSP framework led to categorization of the program into four principal program
elements: inventory, planning, implementation, and monitoring and evaluation. Seven program drivers
that influence these four program elements were then identified. These seven drivers were ecology,
climate interactions, humans/values at risk, collaboration and communication, policy and law,
efficiency/effectiveness, and prioritization. The combination of program elements and program drivers
yielded 28 research focus areas. However, the large number of focus areas necessitated further analysis to
develop a smaller, more practical set of research areas. For the purposes of this report, four research
themes were developed that represent the foundation for the FTSP. The four themes are:

Fuel treatment effectiveness

Ecological science

Fuel treatment and society

Program implementation

Each theme has a clearly defined objective(s) to be achieved within a five-year program of research. The
FTSP follows the principle that research is directly interconnected with investments, investigations, and
in ultimately delivering improved service and outcomes. This FTSP places high importance on the
identification of areas of uncertainty having high relevance to management performance and a high
likelihood of enhancing high functioning outcomes. Developing the FTSP using program elements and
drivers as the groundwork for themes allowed full consideration of factors affecting science, knowledge,
management performance, and services. This facilitated the identification and recommendation of
research investments.

A recommended five-year program of research (recommended research topics by year for the five-year
period of 2015 — 2019) based on foundational needs, logical sequential flows, linkages with other sub-
topics, and specific spatial needs (i.e., geographic, and national needs) was prepared and presented.
Research recommendations are described within each research theme and point toward specific objectives
rather than science needs in general terms. They are presented as annual undertakings to guide progress
toward achievement of the plan and JFSP objectives. In addition, JFSP has determined the current
contributions of active projects and other efforts to the identified needs and developed an Implementation
Strategy. The Implementation Strategy identifies multiple options to respond to the FTSP
recommendations that include: task statements, syntheses, workshops, partnerships, scoping assessments,
gap analyses, and outreach activities for the period 2015 — 2020.

The seriousness of changing conditions, increasing needs for action, and limitations facing fuel treatment
planning and implementation all signified that the most comprehensive approach providing the widest
possible perspective would be the most effective way to address this task. The broad approach taken
during this project assured that the scope, magnitude, and impacts of the fuel treatment program on land
management and society were adequately addressed. It was based on full consideration of all program
elements, internal and external program drivers and other influences, and allowed selection of the most
important areas in need of research. The establishment of the Knowledge Exchange Network of consortia
by JFSP is strengthening the entire program. Inclusion of these consortia to support research direction and
geographic area needs can greatly benefit this effort and ensure that local and regional, as well as national
conditions are being considered.

The FTSP and Implementation Plans are built to be dynamic and able to respond to changing situations,

requirements, and needs by shifting priorities and/or moving new sub-topics into the five-year plan as
needed. Annual monitoring of progress, evaluation of accomplishments, and appraisal of current and
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emerging needs from a variety of sources, including the JFSP Knowledge Exchange Network consortia
will be carried out to keep the plan current, consistent with national and regional conditions, and on track
with objectives. Outcomes from many of the implementation activities will provide current information
that can be used to formulate additional implementation actions and modify research areas as warranted.
As a result, the JESP will be able to conduct annual research that is responsive to the most up-to-date
situations.

Additional Keywords: [fuel treatment, science, fire management, wildfire, fire risk, technology transfer]
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Wildland fire complexity is increasing dramatically and presenting difficult problems and concerns for
wildland fire management agencies. To improve decision-making and management capability, managers
need more and better information about changing fire dynamics.

Numerous processes exist and others are under development to provide improved methods to facilitate
more efficient wildland fire information management. Most existing processes and systems accomplish
information management very well, but few actually account for all pertinent informational components
of today’s environment. Many systems are basically “niche-systems” that have been developed to meet
one or more specific needs and not larger strategic needs. In addition, few existing processes or systems
address the full range of spatial, temporal, and planning scales. As a result, the US Forest Service
National Director of Fire and Aviation asked if a new system to access and display such information from
a variety of sources could be designed.

Rather than utilize the full array of currently existing individual programs and processes to acquire
information, a dashboard structure was used to develop a new process to access and display information
from a variety of sources. Dashboards can acquire and display information more advantageously than
other methods, including spreadsheets, and offer specific positive characteristics that allow to:

e Perform entirely around specific fire management needs and have direct relevance to critical
activities - based on a clear strategy and vision
Be interactive, easy to use, easy to set up, and quick to update as needs and data change
Support decision validation
Determine/illuminate problem situations early and provide information for resolution
Present data in both summary and detailed levels
Support information dissemination, use, and presentation
Deliver specific information to help understand the current situation and problems

What has been developed is the Incident Risk Console (RisC), a data analytics dashboard and business
intelligence tool for wildland fire decision makers. This application provides national fire program
managers with relevant fire information for emerging and complex ongoing wildfires. RisC information
goes beyond available fire statistics and includes specific calculated information and indices that provide:
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e A visual risk assessment synopsis for wildland fires,
e An early alert/risk assessment for potential problem areas, and
e An overview summary of national and regional incidents.

RisC is structured to present information in one easily accessible location for review. It has been built as
part of the Fire Enterprise Geospatial Portal (EGP) and is closely linked to other systems. The EGP
incorporates data from a number of systems, including: the Wildland Fire Decision Support System
(WFDSS), daily incident status summary reports (ICS-209), Resource Ordering and Status System
(ROSS), MODIS fire detection system, InciWeb, Automated Flight Following, NWS fire weather, and

GEOMAC (USGS).

Incidents populated into RisC are those having high potential or requiring active management responses.
Any fire meeting the following criteria will be populated into RisC:
e A Relative Risk of ‘High’ as shown in WFDSS (Wildland Fire Decision Support System), or
A Type 1 or 2 Incident Management Team indicated by the Organization Assessment in WFDSS,

or

e Have been manually flagged by a WFDSS National Editor.

RisC presents eight specific risk attributes that summarize a range of conditions and activities on a fire-
by-fire basis. The attributes and their definitions are:

RisC Element

Definition

Values Inventory

Jurisdictions

Significant Fire Potential

Relative Risk

Suppression Capability

Aviation Exposure

Modeled Values at Risk

Modeled Suppression
Effectiveness

Types and quantities of values located within a one-mile radius of the
incident’s origin or Planning Area.

Agencies having jurisdictional responsibility within a one-mile radius of
the incident’s origin or Planning Area when available.

A simplified adjective rating showing potential for significant fire activity.

A single, subjective risk rating calculated by assigning a value to three
components: Hazard, Value, and Probability.

The Actual Daily Production Capacity (chains/day of fireline constructed)
compared to the Expected Production Capacity (chains/day of fireline that
could be constructed).

The expected aviation accident rate for a fire based on the types and
quantity of aircraft assigned to the incident.

The likelihood that values within a modeled FSPro (Fire Spread
Probability Simulator) analyisis will be impacted by the fire (not
populated until FSPro run is completed).

Progress toward containment or effect on protection of threatened
structures (not populated until FSPro run is completed).

161



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

In the RisC application, each of the eight risk assessment elements has a relative value displayed by a
series of “radio” buttons. These buttons are shown in colors of green yellow, red, gray, or will be blank.
The general color indications are:

e Green - the information described has a relative low level of concern or impact.

e Yellow - there may be a relative marginal concern or elevated possible impacts.

e Red - relative potential heightened concern and risk, or that additional review or attention may be

warranted.
e Gray - some data are available, but not enough to calculate a risk rating.
e Lack of any dot indicates data are not available for that element

The initial Incident Risk Console represents the transformation of an idea into an actual system. The 2014
fire season allowed for a limited test and an evaluation of its applicability. It was found to have specific
value in providing new information useful in: clarifying the overall fire situation, understanding
individual fire dynamics, and improving understanding of the effects of management decisions. While
the risk element data may not provide a full picture of all risks and concerns for an incident and are not
meant for tactical decision-making, these data do provide a basis to determine if further information
gathering and dialogue with a region or unit may be warranted. Future work will involve improving
accuracy, improving data transfer, and enhancing user interfaces.

Additional Keywords: [risk assessment, information technology, decision-making, wildland fire
management|
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Extended Abstract:

Wildfires are a common hazard in the western U.S. due to fuel accumulation and seasonal
drought that cause significant losses of life and property every year. With the rapid population
growth in the wildland urban interface (WUI), public safety in fire-prone WUI areas has
attracted significant research interest (Moritz et al. 2014).

When a fire approaches the community and becomes a threat to the residents, relevant protective
action orders will be issued by the incident commander (IC) so as to ensure public safety.
Protective actions in wildfire evacuations include evacuation and shelter-in-place (SIP), and the
latter can be further classified into shelter-in-refuge (SIR) and shelter-in-home (SIH) (Cova et al.
2009). ICs often divide the risk area into several zones so as to facilitate staged evacuation, or
one where different groups leave at different times. The ICs need to take into account both fire
progression and threatened population before they can delineate evacuation zones.

Wildfire evacuation triggers are prominent geographic features (eg., ridges, roads, and rivers)
utilized in wildfire evacuation and suppression practices, and when the fire crosses these
features, an evacuation will be recommended for the communities or firefighters in the path of
the fire (Cook 2003). Recent studies on triggers have used Geographic Information Systems
(GIS) and wildfire spread modeling to calculate evacuation trigger buffers (ETBs) around a
location (P) with a given time (T) as the input (Cova et al. 2005). This computerized modeling of
triggers is referred to as trigger modeling. Trigger modeling has been formulated into a three-
step model called—the Wildland Urban Interface Evacuation (WUIVAC) model (Dennison et al.
2007).

From systems modeling perspective, wildfire spread is an environmental system, while the
evacuation of a threatened population is a human system. The environmental systems involved in
wildfire evacuations can be further divided into the natural and built environment. Fire spread is
primarily a natural system, but may be influenced by the built environment or fuel treatments,
but the evacuation route system is part of the built environment. The evacuation warning,
response, and travel processes belong to the human systems. Specifically, the ICs in wildfire
evacuations are primarily concerned about who should be evacuated and when (Cohn et al.
2006). Thus, evacuation timing is a key element in the evacuation process. Trigger modeling
takes evacuation timing into account and uses the estimated evacuation times for a threatened
community as the input to generate ETBs based on fire spread rates, which may help improve an
IC’s situational awareness.
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This work examines how to couple wildfire simulation and trigger modeling to establish
evacuation zones by using a coupled human-environment system approach. The proposed
coupling approach takes into account fire simulation and evacuation modeling at the data, model,
and knowledge level. The proposed evacuation zoning method consists of three steps: 1) using
trigger modeling to calculate trigger buffers for each household; 2) employing fire spread
simulations to trigger the evacuation of all at-risk households and derive the recommended
evacuation departure times (REDTs); 3) households aggregation into evacuation zones based on
the REDTs and their proximity, which will enable the ICs to develop a staged evacuation plan.
This method uses GIS to model the process in which a spreading fire triggers the evacuation of a
set of households based on their trigger buffers. A case study of Julian, California is used to test
the effectiveness of the proposed method, and the results reveal that the proposed method
produces staged evacuation zones and may be used for household-level staged evacuation
planning.

Additional Keywords: wildfire evacuation zones, triggers, wildfire simulation, coupled human-
environment system
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Abstract:

Millions of acres of public forestland in the U.S. require fuel treatments to reduce the risk of
catastrophic fire. The ability for agencies to treat forests is constrained by limited capacity and
funding, and requires public support, which depends on an informed and engaged public. We
conducted telephone surveys during the fire seasons of 2011 and 2014 of residents in the Blue
Mountains region of eastern Oregon to understand perceptions of forest health and management.
Like many parts of the American West it has experienced more frequent and larger wildfires in
recent years. Our results revealed that residents claim to be informed about declining forest

health on public lands and appear more informed in 2014 compared with 2011. In addition, two-
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thirds identified active forest management and prescribed burning on public lands as a high
priority. However, only 39% identified commercial logging as a high priority, indicating that the
public may be less aware of the potential for commercial logging to contribute to fuel treatments.
There was low support for increasing public land use fees or local taxes to pay for forest
restoration, so more creative policy solutions are likely needed to address the forest restoration
funding gap.

Additional Keywords: active forest management, wildfire risk, public opinion, telephone

survey
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Adaptation of physical training and task performance to wildland firefighting
in Spain. Improving firefighters wellness, capabilities and safety.
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Abstract:

Understanding the need to adapt physical training and task performance to singular
characteristics related to environmental conditions and type of work in wildland firefighting
makes a great difference in firefighter’s wellness, capability and safety. Since 2007, the Spanish
Forest Fire Service belonging to the Ministry of Agriculture, Food and Environment, has
launched and implemented a specific program focused on these relevant aspects. The analysis of
several indicators, such as heart rate, level of dehydration, core temperature, carbon monoxide
inhalation, heat flux exposition, and environmental temperatures during real wildland fire
operations plus the direct observation of different suppression performances and type and
amount of injuries suffered by firefighters have made us develop specific fitness programs for
our wildland firefighters. These programs, after almost 8 years of existence, have shown us great
results in terms of damage rates reduction, efficiency rates improvement and safety and
performance enhancement.

A personal trainer, in each of the 10 helitak crews the Ministry of Agriculture, Food and
Environment has, is in charge of developing and implementing a specific training program based

on environmental conditions, task performance and individual characteristics. Since 2009 active
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prevention measures like core stability and proprioception ankle exercises have been included.
Since 2010, the inter-annual evolution clearly shows the reduction of ankle and low back
pathologies since the introduction of new training exercises. Sick leaves have also been reduced.

Quantification and classification of incidences, both in prevention and suppression seasons is
really positive in order to visualize how accidents rates behaves within the helitak crews. At the
same time, these records could allow us to observe personnel behavior in the long term; as well

as identify injures patterns in order to modify and adapt the training program.

Additional Keywords: helitak crews, fitness programs, active prevention measures, incidents,
accidents, injuries.
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Enhancing Community Response
Utilizing existing information networks during bushfires
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Abstract:

Inquiries undertaken after major bushfires in Victoria Australia invariably mention difficulties
with information flow to and throughout communities during bushfires, as well as highlighting
that a significant number of people continue to be unprepared for bushfires when they occur.

Considerable improvements in the timing and dissemination of warnings and information during
bushfires have occurred since the Victorian Black Saturday Bushfires of 2009. Emergency
Service Organizations (ESOs) have given increased priority to the provision of information to
communities under threat of bushfire. Great emphasis is placed on planning for bushfires, both at
personal and community level by fire agencies.

However, people without bushfire plans and people getting helpful, reliable, timely, and tailored
information, when and how they need it during bushfires, continue to be major challenges.
Understanding how communities communicate and disseminate information outside of times of
disasters will help develop strategies that will assist during times of disaster. Connecting existing
emergency structures and processes with existing community networks and processes during
bushfires and other emergencies must be considered if we are to increase the effectiveness of
community response.

Building on a project undertaken in 2011, this presentation discusses ways that local
governments and communities (including ESOs), may work together to better utilize existing
information networks within communities during disasters. It will also encourage discussion on
how new approaches may enhance community response and resilience when bushfires threaten,
as well as what are barriers to change.

Additional Keywords: networks, local knowledge, response, recovery

Introduction

Information is critical for communities that are both responding to and recovering from
bushfires. Arguably, providing incident information is the most important function of the control
agency at the height of any extreme event. During bushfires and other emergencies, people
receiving or conveying the locally specific incident information that is needed, when and where
it is needed, through familiar or formal networks remains a challenge.

Recommendations from the Victorian Bushfires Royal Commission (VBRC) 2009 recognized
the importance of local knowledge during incidents. Underpinning The Victorian Bushfire Safety
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Policy Framework (2013) is the recognition that governments, organizations and agencies must
work together and with their communities to build safe and resilient communities.

Recent research in Australia (McLennan J, 2015) indicates that a significant number of people in
areas affected by bushfires since 2009 were unprepared and hadn’t planned for bushfire. People
need and will be seeking local information from trusted sources to help them take action during
bushfires. Considering additional actions to those already undertaken by Emergency Service
Organizations (ESOs) that will further address how people respond and seek information and
advice during bushfires is required.

Rethinking the challenges, looking for new solutions

Focusing on how a substantial number of people do respond and behave during bushfires, as is
proposed in this instance, creates additional perspectives for thinking about the challenges. The
attention shifts from what people are told to do and is safest (planning and preparing), to what
else can be done to create safer response and more streamlined recovery.

Local governments have invaluable knowledge of their communities, their demographics, values,
priorities and connections. The services local governments provide and the interactions they have
with other services, individuals, community groups and sporting clubs to name a few, would
indicate they have knowledge and skills vital for community response during bushfires. Acting
as a linchpin, local government would help connect what already exists in the community day to
day, with bushfire response agencies. Although local governments have a clearly defined role in
recovery from disasters, for that role to be seamless and most effective, local government needs
to be present and active with their communities when they are responding to bushfires and other
emergencies.

Community Information Networks During Emergencies Project —Western Australia

A multiagency (DEC1, DFES2 and SWLGEMA3) project (Reid T, 2013) undertaken in Western
Australia in 2011/12 aimed to improve information flow and access to local knowledge during
incidents. It was:

e Determined that community development officers in local government are well placed to
work with Incident Management Teams (IMTs) to facilitate information flow through
existing networks.

e Demonstrated the value of using “local channels of communication that are trusted and
responsive and can transition into the recovery phase for the impacted community.”

From this project, recent government inquiries and current policies, it is evident that additional
actions will contribute to implementation of stated key government goals for community
response and safety.

! Department of Parks and Wildlife formerly Department of Environment and Conservation
2 Department of Fire and Emergency Services
3 South West Local Government Emergency Management Alliance
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Creating improved community outcomes

A number of post fire research studies and inquiries in Australia since 2009 identify that
communities have issues with information flow during emergencies and depend on their
networks for information (Victoria (2014); Trigg J, et al (2015)). In order to address these issues
and create better outcomes for communities both during response and recovery:
e A formal (not assumed) link between response agencies and the local community is
required during response.
e Processes that better recognize and adapt to local community information needs during
and after bushfires are developed and implemented.
¢ Information flow between the IMT, recovery agencies and the impacted communities is
improved.
e Increased knowledge and skills in both communities (about emergency management) and
emergency response agencies (about community development) are needed.
e Relationships across local government areas and within local government are strong and
reliable.
e (ollaboration and alliances between local governments and ESOs in relation to
community response and recovery outcomes are developed and ongoing business.
e There is increased participation of women in bushfire/emergency management to help
address gender imbalance in the sector.
e Processes are developed to enable streamlined transition to community-focused recovery
at local government level.

Actions for change

Local government community development officers are included in existing emergency
management planning processes to provide specialist skills and knowledge of community
perspectives and needs. Community development officers are often women and could increase
participation of women in the sector.

Information focused planning is incorporated in emergency management plans. Information
planning would enable agencies to learn about and incorporate what is known about how
information is sought and accessed by the community. Examples may include local information
hubs, community gathering points, tourist destinations, health and welfare networks and schools.
ESOs collaborate with community development officers in local government as well as with
operational connections e.g. municipal emergency response officers.

Community development officers receive basic training in Incident Management Systems and
Public Information.

Trained community development officers from affected local governments are linked to IMT
Public Information Section through existing emergency response procedures to provide local
knowledge of critical contacts and how the community is connected.

Barriers to change

From experience, there are many barriers that may inhibit change or acceptance of new ideas.
Entrenched culture and practice favoring the status quo, different values and priorities that exist
between organizations, focus on operational response and unpredictable funding cycles all
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contribute to difficulty in developing and implementing community based initiatives. It is
important to recognize that commitment to community initiatives must be ongoing and long
term. It is widely acknowledged that relatively little of the emergency budget is dedicated to
community initiatives. Local governments often lack resources to take on further responsibilities
and people may be reticent to overstep organizational boundaries.

Anecdotally, an entrenched belief in communities about the protective role of emergency
services, combined with a corresponding lack of awareness of personal responsibility continues
to be an issue. However, it could also be suggested that agencies may be inadvertently creating
these expectations by using terminology and approaches that encourages people to believe they
will be protected. People believe that agencies are in charge, through campaigns and programs
that both visually and through content, suggest that they are. Communities trust and depend on
their emergency organizations and what this means for response is very complex.

Conclusion

For Emergency Service Organizations, working with local government community specialists,
being able to adapt and respond to the information needs of affected communities, as well as
utilizing the wealth of knowledge and skills that already exist, will enable better outcomes during
bushfires. An approach that both extends opportunities for collaboration and partnerships
between agencies, as well as more effectively connects communities with response agencies, will
help to further entrench the notion of ‘shared responsibility’. Networks identified and used
during response will assist in the transition to recovery and for implementation of subsequent
recovery programs.
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Abstract:

Effective communication is the key to raising awareness, reducing the risk of human-caused fires
and hence the impact wildfires hold for communities. However, how effective is current wildfire
communication to New Zealand communities and how can this be improved?

Scion’s Rural Fire Research Group analysed communication strategies within three New Zealand
rural and rural-urban interface communities and with national fire managers as part of an
Australasian Bushfire CRC project. The research has shown that fire agencies should carefully
consider their methods of communication, which range from one-way communication using no
face-to-face contact to two-way dialogue with one-on-one personal communication with
individuals and communities. The research concluded that a universal approach is not effective
in communicating rural fire messages. Instead, communication needs to target the relevant
audiences (rural and semi-rural, recreational users/visitors and cultural fire users and non-fire
users) with the appropriate message. The focus of the message and communication type should
be tailored to fit each audience’s needs to optimise the use of limited resources.

Additional Keywords: communication strategies; rural communities; rural fire users; risk
awareness; preparedness.

Introduction

Worldwide, most wildfires are caused by human activity (Ellis et al., 2004). Likewise in New
Zealand, human activity is responsible for the vast majority of wildfires, which arguably can be
largely prevented. Between 1992 and 2007, approximately 3,000 wildfires per annum occurred
in New Zealand (Anderson, et al., 2008). This number is predicted to increase with global
climate change, an expanding rural-urban interface and changing fuel loads (Jakes & Langer,
2012). As a result of the present relatively low fire occurrence, evidence suggests that the
majority of communities have low awareness of the rural fire risk and consequently low levels of
preparedness for wildfire events that could impact on them (Jakes & Langer, 2012). Matched
against this, the use of rural fire for land management, recreation and cultural purposes (e.g.
cooking food by traditional methods) is relatively high. At present, the intensity of public
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communication and education in New Zealand varies greatly, from the establishment of
FireSmart activities (modelled on the US FireWise programme) in some areas, to minimal
community engagement or education in other areas.

The Scion Rural Fire Research Group undertook a study to determine the most effective
strategies to inform and educate New Zealand communities regarding wildfire risk and
preparedness. The study was linked to a more comprehensive Australasian Bushfire Cooperative
Research Centre project led by RMIT to study effective communication of wildfire messages
across four states of Australia. The RMIT framework and methodology was adopted by the
Scion researchers to expand the relevance of the study across Australasia by including
consideration of effective communication methods in less fire prone environments with smaller
communities that have experienced smaller, less frequent fires.

Methodology

A mixed-method social research approach was utilised to study effective communication of
wildfire messaging strategies in New Zealand communities. The core of the research was a set of
three carefully selected case studies that fitted well within RMIT’s established project criteria.
All three areas had suffered from wildfires and represented different types of communities.
These were: a rural-urban interface community (Atawhai, Nelson, northern South Island); a
community close to a tree-change, tourism town (Closeburn, Otago, central South Island); and a
traditional farming / rural community (Mahia Peninsula, Hawke’s Bay, East Coast North Island).
National representatives of the National Rural Fire Authority, Department of Conservation and
land managers from the forest industry and Federated Farmers of New Zealand were also
interviewed to bring a national perspective to the research. Ethics approval was obtained from
the University of Waikato Ethics Committee prior to the case study research.

Field research at each site included semi-structured interviews and focus groups with members
of the community and key respondents. In total, 80 people participated in the project: 42
community members, 22 local key respondents, and eight national key respondents. Each
interview/focus group was recorded and fully transcribed, and data analysed using qualitative
analysis software (NVivo 10). The coding frame was adapted from the RMIT research to allow
full consideration of the New Zealand data with codes analysed thematically, keeping the
predominant theme (‘what is effective communication?’) central to the analysis.

Research Outcomes

The study defines effective wildfire communication as a process that ensures that correct
messages are delivered in the most appropriate way for individuals and communities: to
understand, and act on, the risks of wildfire; to prevent wildfires from occurring; and to be
prepared for wildfire events. The research highlights four distinct types of messages: awareness
of fire risk; information about fire use restrictions; ways to prevent fires starting; and how best to
be prepared for a wildfire (at household, property and community levels) should one occur.
Additionally, four audiences were identified: non-fire users; rural and semi-rural fire users;
recreational users/visitors, and cultural fire users. Fire communication was determined to be most
effective if relevant messages are targeted at each specific audience, with careful consideration
given to the mode of communication in each case.
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Currently, a wide range of wildfire communication techniques are employed across New Zealand
at national and regional levels. The study found that to be most effective, specific messages
should be targeted to each of the four audiences using the most appropriate communication
techniques.

At present, the most frequent method of fire communication is one-way traditional broadcast
approaches, which include leaflets, signage, local media, websites and social media. Such
options have the advantage of reaching a large number of people quickly and relatively
inexpensively. The research suggests that an increased emphasis on more targeted
communication and incorporating two-way dialogue into fire managers’ strategies would
increase effectiveness of better focused messages. Opportunities exist for targeted
communication via conduits, such as by sending emails and text messages to key people in the
community or using FireSmart champions and volunteer fire fighters to disseminate amongst
their own networks. Face-to-face communication with both individuals and groups, which allows
two-way dialogue, remains the most effective means of communication, although it requires
more time and financial resources than one-way communication. Again, carefully targeting
certain messages to each audience will improve effectiveness and be a more efficient use of
resources.

Most people in the case studies, and in New Zealand as a whole, never use fire or pose any risk
of starting a fire. However, non-fire users in fire prone areas require communication to ensure
they have a heightened awareness of the risk wildfire poses to their communities and that they
are appropriately prepared at household, property and community level should a wildfire occur.

The largest group of fire users is rural and semi-rural property owners who light fires for land
management purposes (e.g. vegetation clearance, rubbish removal). Rural and semi-rural fire
users who participated in the study generally tended to have good knowledge of fire use (which
they referred to as ‘common sense’) and wildfire risk awareness. To ensure effectiveness, fire
managers need to find ways to target this group with all four message themes to ensure this
group remain aware of wildfire risks; have up-to-date information about fire restrictions and
permit requirements; retain information on fire prevention precautions; and are encouraged to be
fully prepared for wildfires.

Participants in the research were extremely concerned about the dangers posed by recreational
users of fires in their localities, generally visitors and absentee property owners (both domestic
and international). All three case study areas had suffered wildfires as a result of visitors’
activities. A noticeable proportion of recreational users, especially visitors, appear to lack
knowledge about, or ignore, fire restrictions and have little awareness of fire risks and fire
prevention precautions. Hence fire managers must deliver messages to address these three
aspects.

The fourth audience identified use fire for cultural purposes, generally for cooking food by

traditional methods (e.g. earthen ovens or hangi by Maori). Respondents who used fire culturally
showed excellent levels of knowledge around fire restrictions, awareness of fire risk and how to
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prevent a hangi from becoming an out-of-control fire. Fire managers need to ensure their
messages continue to target this audience for wildfire awareness, information, prevention and
preparedness.

The research emphasises that effectively communicating with communities is not a simple ‘one
size fits all’ approach. It demonstrates the importance for fire managers to have a carefully
considered communications policy, at both national and local levels, which identifies which
messages each audience requires and how best to disseminate these messages.

Conclusion

Effective communication is the key to minimising human-caused fires and hence the impact
wildfires hold for communities. This research has shown that a universal approach is not
effective in communicating fire messages. Rural fire and bushfire agencies throughout
Australasia can use the research findings to more accurately target their fire user and non-fire
user audiences, tailor their messages and tune their methods of communication to be more
effective in communicating with members of rural and rural-urban communities as well as
visitors to these areas.

The research findings are freely available in a summary note for stakeholders (Langer & Hart,
2014) and a comprehensive report is available on request (Hart & Langer, 2014). It is hoped that
findings from this project will be incorporated into future risk-communication strategies planned
by fire and land management agencies and that results of the study will inform changes in
policies and practices within agencies. Ultimately this research has the potential to promote
better awareness of rural fire risk, prevention of wildfires and improved preparation by
households in wildfire prone communities.
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Abstract:

New Zealand’s landscape and history have been shaped by fire. Maori, the indigenous people of
New Zealand, and Europeans have both contributed through planned and accidental use of fire.
Maori had an established fire culture stemming from mythology, with associated belief systems
and rules surrounding the sacredness of fire and its uses before they arrived in New Zealand in
the thirteenth Century. Fire was regarded the most important of the natural elements of the
environment and was used in land clearing and propagation, storage and cooking of crops. Fire
was also used to aid in felling selected trees to make canoes, harden or aid the bending of wood
for weapons and ease shaping of bark vessels used for carrying water or preserving food.
European settlers from the early 1800s accelerated the use of fire to clear native forest for land
settlement and pasture.

Scion’s Rural Fire Research Group has studied historical knowledge on the use of fire by Maori
from published literature and interviewing of elders in Maori society in the eastern Bay of
Plenty. The research will assist rural fire authorities to undertake rural fire management and fire
mitigation responsibilities together with Maori in New Zealand rural communities.

Additional Keywords: Te ahi, fire, Maori, traditional, rural, land management.

Introduction

Fire (te ahi) has shaped New Zealand’s landscape and history. Maori, the indigenous people of New
Zealand, and Europeans have both contributed to modifying the landscape through planned and
accidental use of fire. Although no specific modern day fires have been attributed to Maori, human
activity is responsible for the vast majority of wildfires in New Zealand that can therefore arguably
be largely prevented. Preliminary research conducted by Scion’s Rural Fire Research Group has
focussed on the effects of fire on the New Zealand landscape, and traditional use of fire as a primary
resource and tool by rural Maori communities.

The events of the past, both written and oral, reveal pertinent background understanding to guide
the design of some practical solutions to age-old issues regarding the use of fire. This lays the
foundation to understanding current use of fire in rural communities. It also guides future
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prevention of wildfires resulting from the accidental use of fire by rural communities for land
management, recreation, or traditional hangi (earthen oven) methods of cooking still used today,
especially for large gatherings (e.g. funerals or celebrations such as weddings).

Method

Scion’s Rural Fire Research Group studied historical knowledge on the use of fire by Maori
gathered from existing documented material in books, published journals and websites.
Considerable material was obtained from 7e 40 Hou and the Journal of the Polynesian Society,
including literature by Best (1924 a & b) who provided one of the most comprehensive accounts of
Maori use of fire. This describes cultural use of fire, its purpose, and relationship of fire in Te Ao
Maori (the Maori world or domain) during the early 1900s.

Interviews with three kaumatua (elders in Maori society) in the eastern Bay of Plenty, undertaken
using a kaupapa (subject or matter) Maori theory approach, have added to this by drawing on
personal and family experiences. The research aimed to provide background understanding of the
traditional Maori use of fire and some perspectives on current Maori use of fire to assist in rural fire
authorities in New Zealand conduct present day rural fire management activities.

Research findings

Much of New Zealand was covered in native forest when the first Maori Polynesians arrived around
1280 AD (Perry, Wilmshurst, & McGlone, 2014). Maori had an established fire culture stemming
from mythology, with associated belief systems and rules surrounding the sacredness of fire and its
uses before they arrived in New Zealand. Traditional Maori belief is that fires are an intrinsic part of
their natural environment and connect through genealogical ties to their ancestors, Ranginui (sky
father) and Papatuanuku (earth mother). Maori brought fire to New Zealand when they migrated
from Hawaiki. Fire became an important and useful tool and resource (Best a & b). Throughout
Maori history, fire has contributed to changing and reshaping the native forest landscape (Ogden,
Basher, & McGlone, 1998). The use of fire by Maori has therefore played a significant role in their
culture, land and people.

Best (1924b) described how Maori had an utmost respect of fire and considered it as being the most
tapu (sacred) of all the four natural elements (the others being water, air and earth) in the natural

world. He determined that “Maori had a great respect for fire, and spoke of it as a parent of man as
he did of a house”.

Fire was regarded the most important of the natural elements of putaiao Maori (natural
environment). Prior to the arrival of Europeans in the early 1800s, Maori did not possess adequate
wood-cutting tools; therefore fire was their principal tool to clear land to aid travel and provide
areas for cultivation and residency. They used fire in the propagation, storage and cooking of a
number of crops in hangi and umu (cooking with hot embers) which contributed to their staple diet.
Fire was also used to aid in the felling of selected trees to make waka (canoe), to harden or aid the
bending of wood for weapons, and ease shaping of bark vessels used for carrying water or
preserving food.
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European settlers accelerated the use of fire to clear native forest for land settlement and pasture
(Ogden, et al., 1998). Due to limited exposure to fire, native forests in New Zealand show few if
any pyrogenic adaptations and are highly susceptible to fire. Forest cover has been reduced from
approximately 85-90% to 25% of New Zealand's land cover (Perry et al., 2014).

Case studies with three kaumatua provided a further historical perspective and a greater
understanding of traditional and present day use of fire from their life experiences growing up in
rural Maori communities that can be used to help guide current and future fire management. The
kaumatua explained the meaning of places that have been named after historical fire events. They
imparted their learned knowledge of traditional fire use and their experiences of tribal use of fire as
part of domestic necessities of life, such as cooking, lighting to see in the dark, heating tools for
soldering, horse-shoeing and ironing clothes as well as pacifying bees with smoke. Some useful
recommendations were provided to develop appropriate fire risk mitigation strategies to ensure that
wildfire ignitions do not occur from Maori use of fire in the future.

Conclusion
The research provided an understanding of the historic use of fire by Maori and background on the
relationship of fire, as a natural element of the natural environment and Maori people.

The knowledge gained from the research provides a positive step towards gaining a better
understanding of Maori perspectives on their use of fire in the past, and which can also be used to
assist rural fire authorities undertake their rural fire management and fire risk mitigation
responsibilities with Maori in New Zealand. An increased understanding of past and present use of
fire by Maori will aid rural fire authorities in their work with rural communities to increase
awareness of the risk of wildfires and to design strategies to communicate safe controlled use of fire
more effectively, thereby minimizing the chances of future wildfire events.

This research has been published in the MAI Journal - A New Zealand Journal of Indigenous
Scholarship (Stone and Langer, 2015).

References

Best, E. (1924a). The Polynesian method of generating fire: with some account of the mythical
origin of fire, and of its employment in ritual ceremonies as observed among the Maori folk of New
Zealand (Part I). The Journal of the Polynesian Society 33(130), 87-102.

Best, E. (1924b). The Polynesian method of generating fire: with some account of the mythical
origin of fire, and of its employment in ritual ceremonies as observed among the Maori folk of New
Zealand (Part II). The Journal of the Polynesian Society 33(131), 151-161.

Ogden, J., Basher, L., & McGlone, M. (1998). Fire, forest regeneration and links with early human
habitation: Evidence from New Zealand. Annals of Botany, 81, 687-696.

Perry, G. L. W., Wilmshurst, J. M., & McGlone, M. S. (2014). The ecology and long-term history
of fire in New Zealand. New Zealand Journal of Ecology 39, 157-176.

Stone, G., Langer, E. R. (2015). Te Ahi I Te Ao Maori Maori use of fire: Traditional use of fi re to

180



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

inform current and future fi re management in New Zealand. MAI Journal - A New Zealand Journal
of Indigenous Scholarship 4, Issue 1, 15-28.

181



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

Bushfire psychological preparedness: The development and validation of the Bushfire
Psychological Preparedness Scale (BPPS)

Jessica. L. Boylan”B€

Carmen. M. Lawrence®B

ASchool of Psychology, University of Western Australia, 35 Stirling Highway, Crawley, Perth,
WA 6009, AUSTRALIA

BBushfire Cooperative Research Centre

CCorresponding Author. Email: jessica.boylan@research.uwa.edu.au; Tel: +61 8 6488 1453

Background: Bushfires can be threatening and stressful events and people need to make
decisive and immediate action to ensure their safety. However, it is widely accepted in
psychology that high levels of stress can hamper a person’s ability to perform and recover.
Numerous studies have found stress to adversely impact people’s decision making, memory, and
attention (e.g. Starcke, Wolf, Markowitsch & Brand, 2008), all of which are important for
implementing physical preparedness actions and plans in the bushfire setting. Additionally, stress
has been linked with long-term psychosocial problems such as post-traumatic stress disorder,
depression, anxiety, domestic violence and divorce (Rowney, Farvid, & Sibley, 2014). These
psychosocial outcomes can consequently increase vulnerability in future bushfires.

In an effort to help people cope with and manage the effects of stress during and after a
bushfire, fire agencies encourage residents living in bushfire prone areas to prepare both
physically and psychologically. Despite the endorsement for psychological preparedness, it is
currently an under-researched area, with most preparedness campaigns and research projects
focusing on physical preparedness. The impact of this has been reflected in a recent mental
preparedness study, which found ambiguity in the understanding of mental preparedness
amongst fire agency staff and volunteers (Eriksen & Prior, 2013). It has further been reflected in
post-fire surveys, with residents displaying behaviours suggesting a lack of psychological
preparedness (2009 Victorian Bushfires Royal Commission. & Teague, Bernard, 2010).

It is argued that part of the reason this is an under-researched area is that there have been
few attempts to conceptualize and operationally define psychological preparedness in the
bushfire setting. Therefore, over the past four years we have attempted to fill this gap in the
research by conducting a series of studies aimed at conceptualizing and operationalizing bushfire
psychological preparedness. This conceptualization and operationalization will help pave the
way for a better theoretical understanding of psychological preparedness, which is important for
the development of education and intervention programs. This extended abstract aims to provide
a snap shot of some of our findings.

Method: Research was comprised of five phases and was guided by the classical theory
approach to scale development. In phase one we identified the content domain and developed a
conceptual model of bushfire psychological preparedness. In phase two we developed a large
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pool of items to reflect the conceptual model by reviewing previous measures, community
education information, and bushfire and natural disaster research. In phase three we recruited 21
subject matter experts to review the face and content validity of the items. In phase four we
piloted the scale with a sample of 262 residents living in bushfire prone areas across Australia,
with the purpose of further refining the scale. In our final phase, phase five, we recruited a
sample of 661 residents living in bushfire prone areas to check the reliability and validity of the
scale.

Results: Phase one — Conceptualization: A review of the literature revealed that psychological
preparedness is a multifaceted concept, which enables people to prepare, respond and recover
from a natural disaster (Reser & Morrissey, 2009). Our conceptual model therefore included
multiple dimensions, which encompassed: bushfire knowledge and bushfire psychological
resilience, respectively. It was intended that these two overarching dimensions covered a
combination of mental, psychological and emotional preparedness. The bushfire knowledge
dimension included safe human behavior, bushfire behavior and bushfire outcomes. The bushfire
psychological resilience dimension included: social support, coping self-efficacy, positivity,
perceived control and proactive coping.

Phase two & three — Item development and refinement: Using a 5-point Likert type scale,
an item pool of 140 items was generated. Forty nine items were developed for the bushfire
knowledge scale (BK) and 91 items were developed for the bushfire psychological resilience
scale (BPR). However, a review of the face and content validity data (clarity and relevance
estimates, and expert comments) saw the item pool reduced from 140 to 134 items.

Phase four — Pilot study: The purpose of the pilot study was to further refine the BK and
BPR, and to use exploratory factor analysis (EFA) to investigate the psychological structure of
the BPR. In terms of scale refinement, an item analysis of the BK items, which is an appropriate
analysis for a knowledge-test type construct (Nunnally & Berstein, 1994), resulted in the scale
being reduced to 19 items. Utilizing several EFAs for the BPR, which is an appropriate analysis
for psychological constructs (Nunnally & Berstein), the scale was reduced to 25 items.

The EFA was also used to explore the factor structure of the BPR. Following several
EFAs a five factor model was extracted for the BPR which accounted for 59.828% of the
variance. The factors included: social support (7 items accounting for 24.84 % of the variance),
coping self-efficacy (6 items accounting for 10.92 % of the variance), proactive coping (4 items
accounting for 9.02 % of the variance), locus of control (4 items accounting for 8.16 % of the
variance), and positivity (4 items accounting for 6.89 % of the variance). This provided
preliminary evidence for the construct validity of the BPR.

At this stage, we also obtained preliminary evidence for the reliability of both the BK and
the five factors of the BPR, with the Cronbach alpha ranging between fair and good: .75 to .85.

Phase five — Reliability and validity: Another item analysis of the BK items resulted in
further refinement of the scale, reducing it to an 18 item scale with good reliability, a = .86.
Furthermore, a series of EFAs and confirmatory factor analyses (CFAs) of the BPR resulted in
its reduction to a 17 item scale with good overall validity, a = .86.

The CFAs of the BPR also revealed strong model fit for a higher order four factor model
of BPR: y2(115) = 167.758, p <.001; RMSEA = .026 (90% CI: 0.02 TO 0.04); CFI = .982; TLI =
979, SRMR = .037. All factor loading were significant (p <.001), and a target coefficient of .98

183



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

was obtained, which provided evidence for the use of a total score for the BPR. The four factors
included: social support, coping self-efficacy, positivity and proactivity. In contrast to our
previous study, it was evident that locus of control was a weak representation of bushfire
psychological resilience.

Correlations between the factors of the BPR ranged from weak to moderate (» =.166 to r
=.439) indicating discriminant validity. The correlation between BPR and BK was .31,
suggesting they are moderately related to one another, according to Cohen’s (1988) guidelines.

Discussion: These studies resulted in the production of a 35-item scale, with stable psychometric
properties, that captures bushfire psychological preparedness. From an academic standpoint, this
study adds to the limited research on psychological preparedness for a bushfire, and provides a
tool for measuring the concept with a focus on mental, psychological and emotional
preparedness.
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Abstract: A study on firebrand generation was carried out during two high intensity prescribed
fires in the New Jersey Pine Barrens in March 2013 and 2014 (ElI Houssami et al. 2015). The
fires were characterized using various instrumentations at different locations in order to better
understand the fire behavior (Mueller ef al. 2014) and correlate the firebrand generation to the
fire properties. Meteorological conditions were also monitored before and during the burn in
order to supplement the firebrand generation study. A network of meteorological towers in the
overstory and in the understory was established. Additional instrumentation was also deployed to
measure wind speed and direction, air temperature, relative humidity, atmospheric pressure, and
soil temperature. Multi-spectral airborne imagery was prepared using Wildfire Airborne Sensor
Program (WASP) (McKeown et al. 2011), to track the fire progression in both visual and
infrared (IR) bands. Pre- and post-fire canopy fuel loadings were estimated using an airborne

LiDAR model allowing the generation of a canopy height profile (Skowronski et al. 2011), as
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well as 3D canopy bulk density. Additionally, a number of cameras were placed throughout the
block, intended to record characteristics of the fire. For instance it was spotted that during the
burn, firebrands allowed a surface fire to cross easily a narrow fuel break (Fig. 1).

New methodologies were tested to obtain insight on the firebrand activity, and to quantify
firebrand showers close to a fire front. Firebrands were collected in aluminum pans from
different locations in the forest during the fire and were analyzed for mass and size distribution.
Firebrand loadings ranged from 0.2 to 98 gr/m? and most of the particles had a surface area
smaller than 100 mm?. Most firebrands were bark slices with substantial amounts of pine and
shrub twigs. Bark consumption was also studied by measuring the circumference variation at
several heights on each of three different pine trees. In both years, the variation was in the same
order of magnitude as the bark thickness determined in the firebrand collection section (1 to 5
x1073 m). Shrub branches were compared before and after the burn with subgroups for 1h fuels
then were compared to the collected shrub originated firebrands. This work represents first
exploration of various methodologies that will facilitate the collection of compatible data in a
wide range of ecosystems and fire environments. Results from the field experiments were used to
determine the range of embers to be used in the laboratory, by testing the accumulation of
firebrands on wooden material, typically used in decking and roofing construction in the USA. It
was found that using the range of size and mass of the embers collected in the field, it was
possible to ignite samples laid in different geometrical arrangements, representing a deck or a
roof. It was noticed that flaming ignition could occur on the back face of a sample, after a
smoldering front has penetrated through the sample and allowing oxygen inflow to transition into

a flaming combustion. These finding will indicate vulnerabilities and critical conditions for
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structural ignitions in the Wildland Urban Interface.

Fig. 1. Snapshot of firebrands flying across a fuel break and igniting the other side

Additional Keywords: Firebrand, Bark, Generation
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Abstract:

Large wildland fires are dynamic phenomena that may produce fire whirls, blow-ups, 100-m
long bursts of flame shooting ahead of the fire line, fire winds 10 times stronger than ambient
winds, deep pyrocumulus, and firestorms in which the fire-generated winds overwhelm ambient
winds — all resulting from interaction between a fire and its atmospheric environment, notably
the production of fire winds. Observational and modeling research has unearthed dynamic fire
phenomena and confluences of atmospheric, fuel, and topographic conditions that likely
contributed to numerous firefighter fatality incidents but which had not yet reached training
curricula. This work distilled recent research aimed at understanding wildfire phenomena and
wildfire events to improve firefighter safety and prevent burnover accidents. For example,
infrared imagery has revealed bursts of flame that shoot ahead of the fire line along the ground;
as part of this work, such imagery and phenomena has recently reached S290 training curricula.
In addition, the CAWFE™ coupled weather-fire model was applied to fatality incidents
including the Esperanza Fire and Yarnell Hill Fire for understanding and to distill knowledge for
the wildland firefighting and scientific community. Results were disseminated through scientific
publications, social media, a wildland fire safety conference, university classes, and briefings.

Additional keywords: fire weather, coupled atmosphere-fire model, burnover

Introduction

Despite uniform training curricula, rigorous command and control structures, and memorization
of succinct principles like the 10 Standard Fire Orders and 18 Watch Out Situations, even
seasoned firefighters may be tragically unprepared for complex and explosive fire behavior that
can lead to burnovers. Burnover fatalities made up 21% of wildland firefighter fatalities between
1990 and 2006 (NIFC 2007), concentrated in multiple fatality incidents such as the Dude Fire
(1990, 6 fatalities), the South Canyon Fire (1994, 14 fatalities), the Thirtymile Fire (2001, 4
fatalities), and the Esperanza Fire (2006, 5 fatalities). Burnovers do not solely result from
unusual fire behavior; failure to adhere to one or more of the Standard Fire Orders as well as
command instructions is often noted as a contributing factor. However, as the National Fire
Service Research Agenda Symposium report (National Fire Academy 2011) states, many of
these occurred “due to a lack of understanding of fire behavior or rapidly changing conditions
that lead to burnover”.
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Planning Sections of incident management teams combine weather forecasts with anticipated fire
behavior under those burning conditions with perhaps a century of combined wildfire
experience, but human intelligence cannot combine all the interacting factors, for example,
where diurnal winds or local topographic wind effects (which could vary day to day depending
on wind speed, the rate the wind speed changes with height, and atmospheric temperature lapse
rate) combine with canyons that concentrate winds to dramatically accelerate fire growth.
Moreover, understanding of why fires unfolded the way they did in past events is often
incomplete in describing what fire behavior occurred and event descriptions that are presented to
educate and caution do not take advantage of recent research tools and results.

A recent project applied the most recent scientific tools and knowledge on fire behavior and the
fire environment to past wildland fire events during which fatalities occurred with the goal of
distilling results with applications to firefighter safety and disseminating this understanding to
prevent recurrences. The methodology was to draw from observational and numerical modeling
research that unearthed dynamic fire phenomena and confluences of atmospheric, fuel, and
topographic conditions that likely contributed to fatality incidents, use these to understand why
fatality fires behaved as they did, distill this into understandable narratives and engaging visuals,
and disseminate it through disparate and wide-reaching channels to inform and prepare
firefighters for rapidly changing and complex conditions.

Background

It is widely accepted factors in the fire environment (weather, slope, and wildland fuel
properties) cause variations in fire behavior. This understanding is encapsulated in a semi-
empirical relationship, the Rothermel (1972) formula, which estimates the fire rate of spread and
intensity at the leading edge as a function of these properties. This relationship forms the basis of
operational models currently available for training and in the field, including BehavePlus
(Andrews et al. 2008) for estimating rate of spread at a point and FARSITE (Finney 1998),
which projects the expanding perimeter of an fire assumed to be shaped as an ellipse, and
Wildland Fire Decision Support System tools for near term fire behavior (Noonan-Wright et al.
2011). While these tools have been useful for making simple projections of fire rate of spread or
fire perimeter, (1) many influences are not accounted for (diurnal effects, wind speed changes in
time, inversions, cloud downdrafts, etc.), (2) they do not include the interplay between fire and
atmosphere that is known to be the basis of fire behavior, and (3) cannot explain or predict fire
phenomena, rapid changes in fire behavior or blowups, or extreme fire behavior. In addition to
limiting their skill at predicting behavior, this limits their ability to explain and instruct.

In contrast to the tools mentioned previously, coupled weather-wildland fire models such as the
CAWFE™ (derived from Coupled Atmosphere Wildland Fire Environment) modeling system
have shown some skill in this regard. CAWFE arose with the recognition that coupling between
a fire and the atmosphere surrounding it is the basis for many fundamentals of fire behavior. Fire
whirls occur because the difference in air temperature inside vs. outside the fire line generates a
rotation that is tilted into the vertical by the buoyant air. The bowed shape commonly observed
in fire lines (“convective fingers”) results as heat released over a fire line will break up into
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round cells, each of which becomes a plume that draws air into its base, most strongly over the
fire immediately adjacent to it, making the fire spread faster there and explaining why wildland
fires develop the widely observed bowed fire line shape (Clark et al. 2004) (Fig. 1). Streets of
burned fuel are hypothesized to result from horizontal roll vortices (Haines 1982) or shifting
winds. Counter-rotating fire whirls that are brought to the fire’s head may combine at the tip and
roll over forming turbulent balls of flame shooting ahead of the fire line. Coen (2011) condensed
the basics of this new understanding from scientific publications to the wildland fire practitioner
community.

Fig. 1. As a fire line simulated with the CAWFE modeling system spreads from ignition as a line (left), it
evolves into a universally observed shape (right, courtesy C. George) with three parts: the "head" - the
fire’s leading edge where the heat is focused, "flanks" - along the side where winds blow parallel to the
fire’s edge, and the "backing region" — the slowest moving part of the fire that creeps against the wind.
The heat from the fire rises in updrafts over the fire’s head. These updrafts draw warm air into their base
from all directions, guiding the wind to flow along the flanks and focus the heat at the front. In this way,
the fire’s interaction with environmental winds shapes the winds and creates a self-perpetuating,
universally observed shape. (from Clark et al. 2004, Copyright American Meteorological Society)

Meanwhile, infrared imagery has been used to explore crown fire dynamics from ground (Clark
et al. 1999; Coen et al. 2004) and airborne (Radke et al. 2000) platforms, revealing the formation
of fire whirls on fire flanks and, as the counter rotating whirls are brought to the heading region
(Fig. 4), interactions between them form balls of flame that shoot forward bursts forward as in
Fig. 1d. In other experiments, analysis of infrared imagery of crown fires traveling upslope are
observed to produce repeated examples of narrow flaming fingers burst upslope along the ground
for 10’s of meters at 28-48 m s™! before turning upward (Fig. 2). Other instruments onboard
confirmed the fingers were low enough to preheat, dry, and ignite canopy. These bursts exceeded
ambient winds by a factor of ten and resulted from nonlinear vortex interactions. Thus, Coen et
al. (2004) concluded that rapid spread was not a result of strong environmental winds and
hypothesized that this powerful, dynamic mechanism could be behind reports of firefighters
being overtaken by “fireballs”, consistent with the forensic evidence in the South Canyon fire
fatality report and several other incidents. Moreover, the measured maximum updrafts of 32-60
m s™!, downdrafts of 18-30 m s!, and strong inflow into the fire plume’s base are among the
extremes of winds in atmospheric phenomena and pose other hazards.

191



Proceedings of the 13th International Wildland Fire Safety Summit &

4th Human Dimensions of Wildland Fire Conference

April 20-24, 2015, Boise, ldaho, USA

Published by the International Association of Wildland Fire, Missoula, Montana, USA

Fig. 2. This sequence of infrared imagery (hotter radiant temperatures are show in yellow, cooler
temperatures in dark red in scale at left) from an airborne mounted infrared video imager show a wildfire
traveling up a slope towards the upper right, the appearance of a 30-m long finger of flame shooting
upslope along the ground, and its disappearance in less than 2 s.

Coupled weather-fire modeling

Current operational tools diagnose the growth of a fire from local fuel properties, slope, and a
measurement(s) of wind from a nearby surface weather station(s), which even in high density
networks may be miles from the fire and which indicate what the wind is now, not in the future.
New modeling paradigms have shown increased realism by integrating numerical weather
prediction models that model that way weather varies in time and space even in complex terrain
with models that diagnose how a fire will grow and consume vegetation, in response to wind,
terrain slope, and fuel properties. These are connected in two directions in that weather directs
where the fire grows and how fast, while heat released by the fire modifies its atmospheric
environment, i.e. ‘creates its own weather’. This contains two advances that directly fill
weaknesses with the current approach: coupled weather-fire models consider how weather
varying in time and in complicated manners particularly in mountainous regions directs a fire
and how interactions between the weather and fire, notably fire-induced winds, in turn affect fire
behavior. Over the past decade, one of these coupled weather-fire models, CAWFE has been
applied to dozens of large wildland fire events in varying weather conditions and regions.

CAWFE combines a numerical weather prediction model that incorporates the effects of
complex terrain on airflow (and thus on fires) with a fire behavior model to simulate the
intertwined influences of weather, fuel, and terrain on wildfire growth, plume development, and
smoke transport (Clark et al. 2004; Coen 2005a; Coen and Riggan, 2014). These are coupled so
that heat and water vapor fluxes from the fire alter the atmosphere, notably producing fire winds,
while simultaneously, the evolving atmospheric state affects fire behavior. Simulating the
terrain-induced airflow effects, the fire’s forces on the air that alter winds, and the role of winds
directing the fire spread creates much of the uniqueness of the unfolding of each fire event.
Hence, in summary, models such as CAWFE that couple fire with weather have shown that they
can (1) simulate the weather near fires, notably the near-surface wind speeds, including how
they vary spatially and with time and are affected by terrain, the fire, and cloud downdrafts, (2)
reproduce fire spread characteristics, but more importantly, (3) reproduce critical fire/wind
interactions that determine fire shape and simulate important fire phenomena not simulated by
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the operational models.

The numerical weather prediction component of CAWFE is a three-dimensional non-hydrostatic
meteorological model (Clark and Hall 1991) based on the Navier-Stokes equations of motion, a
thermodynamic equation, and the continuity equation using the anelastic approximation. These
formalize commonly accepted principles that mass, momentum, and energy must be conserved in
moving fluids. Vertically stretched terrain-following coordinates allow detailed simulation of
airflow at horizontal resolutions of 100s of kilometers while several interactive, nested modeling
domains telescope in to focus at 10s of meters in, for example, a particular mountain valley. The
fire component of CAWFE is based on semi-empirical relationships and incorporates a simple
crown-fire algorithm and the Rothermel (1972) algorithm to estimate surface-fire spread as a
function of terrain, fuel properties, and local wind that in this system is altered by the fire. It
estimates fuel consumption rates in post-flaming front burning areas as per Albini (1994) and
calculates the sensible (thermal) and latent (water vapor) heat releases and, using emission
factors, smoke particulate release from different fuel types. The surface fire heats and dries the
tree canopies if present, and if the heat flux still exceeds a threshold, a canopy fire is ignited and
consumes the tree biomass, releasing more sensible and latent heat into the atmosphere. A simple
radiation treatment distributes sensible and latent heat fluxes and particulates from the fire into
the lower atmosphere, the depth based on analysis of ground-based infrared fire imagery (Coen
et al. 2004) and instrumented measurements (Clements et al. 2007).

Studies using CAWFE have shown that interactions between a fire and the atmosphere are
behind even the most basic fire dynamics (Coen 2011), including elliptical fire shapes, formation
of single- or multiple-head fires, and parallel alignment of a fire’s flanks to the wind. CAWFE
has been applied to dozens of large wildland fire events in many different fuel, terrain, and
weather conditions, notably the 2012 Little Bear Fire in New Mexico (Coen and Schroeder
2013), the 2006 Esperanza Fire (Coen and Riggan, 2014), the 2012 High Park Fire in Colorado
(Coen and Schroeder 2015), the 2014 Yarnell Hill Fire in Arizona (Fig. 3), and the 2014 King
fire (unpublished data). In 2004, CAWFE was applied in a faster-than-real-time scenario (Coen
2005b) for Colorado wildfires.

Studies of fatality events

This project produced CAWFE simulations of wildland fire events exemplifying types of
complex behavior during which fatalities occurred — events that sometimes strongly resembled
preceding events. For example, the 2006 Esperanza Fire, which caused five fatalities, was a
Santa Ana-driven wildfire characterized by complex mountain airflows, multiple heading
regions, and rapid upslope growth orthogonal to the ambient wind direction. The Banning Pass
location was the site of previous safety incidents. The 2013 Yarnell Hill Fire (19 fatalities) in
Yarnell, Arizona, was characterized by heavy fuel, topographic airflow effects, and thunderstorm
outflows creating a change in wind speed and direction, fanning a less active region of the fire
line into rapid growth — the fire environment and weather circumstances of which resembled the
nearby 1990 Dude Fire (6 fatalities).

The methodology for simulation of past events is documented in detail in scientific publications.
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In summary, the approach is to gather input data including gridded atmospheric analyses for
initial conditions and boundary conditions defining the state of the atmosphere, spatial fuel
mapping data from LANDFIRE (www.landfire.gov), and terrain elevation data, along with
information on fuel moisture and fire ignition or mapping data. The numerical weather
prediction component of CAWFE simulates the weather in the fire region, beginning shortly
before the event and telescoping with higher resolution domains to the immediate vicinity of the
fire with spatial grid resolution of 100s of m. When the ignition is known to have occurred or at
the time of the fire mapping data, the fire is ignited in the model, and the weather, fire, and
interactions between them are modeled for the remainder of the simulation, which in total may
extend as long as approximately 36 h. Subsequently, four-dimensional visualizations are
produced with the Visualization and Analysis Platform for Ocean, Atmosphere, and Solar
Researchers (VAPOR) interactive three-dimensional visualization environment software
(https://www.vapor.ucar.edu).

The CAWFE simulation of the June 30 2013 Yarnell Hill event (shown in Fig. 3) illuminated the
complex but reproducible sequence of events in the fire environment and fire behavior that,
independent of human actions, has been the basis of discussion. Initialized at 12 AM local time,
a sequence of 4 nested domains that telescope from the western U.S. down to west central
Arizona recreated the weather that, over the fire area, was characterized by near surface flow
from the southeast, while at mid-atmospheric levels, a moist layer of air passed over the fire area
from the northeast. The fire, which had been burning for several days, was ignited already in
progress using the extent mapped by the Visible and Infrared Imaging Radiometer Suite (VIIRS)
using techniques described in Coen and Schroeder (2013). The fire initially spread northward, as
supported by the incident map (Fig. 3), before experiencing a gap flow between buttes, changing
its direction to eastward. In passing over a sequence of three mountain ranges to the northeast of
the fire area, the moist layer of air was lifted and thunderstorms grew. The simulations showed
that precipitation falling into the dry subcloud boundary layer evaporated, cooling the air,
producing strong outflow that spread southwest at the surface, reaching the northeast edge of the
fire at 4:15 PM local time (seen in frame 4 in Fig. 3), and the southwest edge at 4:30 PM local
time (frame 5) in Fig. 3) in agreement with reports. The change in wind speed and direction
directed the fire into unignited fuels, rapidly increased the fire intensity, and drove the fire to the
southwest, through the entrapment site. The animation of the visualized airflow and fire spread
information over local geography illuminated a complicated sequence of events, including flow
through complex topography and rapidly changing weather, resulting in two shifts in fire spread
direction during one burning period, including the dramatic effect of the gust front rapidly
intensifying and expanding the southwest part of the fire line.

Scientific outlets, social media, education and training

While scientific products have standard outlets including journal publications and conference
presentations and proceedings, a need was highlighted in the 2" National Fire Service Research
Agenda Symposium report (National Fire Academy 2011), which identifies among its top issues
“The lack of [a] central clearinghouse for wildland fire research limits the dissemination of
research results. Stakeholders feel that there is a lot of research out there that may impact
wildland firefighter safety and effectiveness, but don’t know how to access it. Fire service and
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researchers don’t know what has been done, or is being done in terms of wildland firefighting
research.” In addition, despite uniform training curricula, rigorous command and control
structures, and memorization of succinct principles like the 10 Standard Fire Orders and 18
Watch Out Situations, even seasoned firefighters may be tragically unprepared for complex and
explosive fire behavior that can lead to burnovers. Thus, while this project introduced products
into standard research and wildland fire training forums, more direct approaches such as
briefings with a wide range of stakeholders, contemporary social media tools such as blogs and
YouTube, and outreach to those at earlier points in their careers were used as well (Table 1).

Yarnell Hill fire progression from the
Serious Accident Investigation Report
(below) and CAWFE simulation (at right)

L
2 - .

Gust front hits southern edge of
the fire at 16:30 (in report and
CAWFE model simulation)
driving fire to the south.

Fig. 3. Snapshots of simulated fire evolution, showing the sensible heat flux (W m™) (colored
according to color bar at right) and the near surface wind (arrows point downwind, and longer
arrows indicates stronger winds) at six times (times is given in local time) when the fire extent
was mapped in the Serious Accident Investigation Report (left, courtesy T. Foley).
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Table 1. Outreach and dissemination activities and products.

Publications

e Coen, J. L. and W. Schroeder, 2015: The
High Park Fire: Coupled weather-wildland
fire model simulation of a windstorm-
driven wildfire in Colorado's Front Range.
J. Geophys. Res. Atmos. 120:131-146

e Coen,J. L. and P. J. Riggan, 2014
Simulation and thermal imaging of the
2006 Esperanza Wildfire in southern
California: Application of a coupled
weather-wildland fire model. Intl. J. of
Wildland Fire. 23, 755-770.

e Coen, J. L. and W. Schroeder, 2013: Use of
spatially refined remote sensing fire
detection data to initialize and evaluate
coupled weather-wildfire growth model
simulations. Geophys. Res. Letters. 40:1-6.

Scientific Conferences

Large Wildland Fire Conference,
“Coupled Weather-Fire Modeling of
Landscape-scale Wildland Fires using
Satellite Active Fire Detection Data:
Application to Firefighter Safety”.
Presentation.

13™ Intl. Wildland Fire Safety Summit &
4™ human Dimensions of Wildland Fire
Conf., “Distilling and disseminating new
scientific understanding of wildland fire
phenomena and unfolding of large
wildfires to prevent wildland firefighter
entrapment”. Presentation and preprint.

University Classes

e Presentation coupled weather/fire
modeling, infrared imagery, fire
phenomena for Prof. Dicus’ Fire Ecology
class

e Educational track for many students leads
to wildland firefighting career

Firefighter Training Material

Oklahoma State Univ. Fire Service
Training

Phenomena showing forward bursts of
flame from the fireline — a hazard
indicated in a number of fatality events —
as revealed by infrared imagery include in
S290, a National Wildfire Coordinating
Group course widely taken by wildland
firefighters

Over 50 Briefings spanning practitioners to
agencies responsible for safety on wildland
fire incidents, including:

e Governors, state & local elected officials
e Fire weather agencies and practitioners

e Incident teams

e Non-governmental organizations

e State Fire agencies

e Technology developers

e Fire training/curricula committees

Blogs/Social Media

Wildfire Today (wildland fire community
blog)

Case animations published on NCAR’s
YouTube channel

NCAR-Wyoming Supercomputing Center
Visitor center video (YouTube)
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Discussion

The project began with an underlying assumption that understanding of physical cause and
consequences in the research community could increase firefighter knowledge and thus lead to
safer actions. Several challenges became apparent. A gap, coinciding with agency jurisdictions,
between weather and fire in research, operations, forecasting tools and personal outlooks still
exists. Fire behavior and phenomena are not recognized for how common, deterministic (given
the environment conditions and forcing), comprehendible (using recent research tools and
knowledge), and predictable they are. Instead, it is rare that the complete cause-effect
relationship linking the evolving weather and fire behavior in an event is thoroughly understood.
It may frequently be complex, but is within current coupled models’ capabilities. Thus, the
tendency remains to cast the unfolding of events during fatality incidents as rare and
unpredictable, and to invoke the phrase, “the perfect storm”. Consequently, the opportunity for
learning is diminished, as rare may be interpreted as unlikely, i.e. “it won’t happen/isn’t
happening to me”. Alternative approaches to interpreting events that have been successfully
used in other hazardous environments such as that of test pilots were raised (B. Scott, pers.
comm.) such as preparing by visualizing things going wrong and mentally practicing “bailing”.
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