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ABSTRACT

Background. Among the most successful examples of Knowledge Exchange (KE) between
researchers and practitioners in Canadian wildland fire management is the development and
integration of the Canadian Forest Fire Danger Rating System (CFFDRS) into operational use.
Aims. Our aim was to identify key factors for this success. Methods. Through a case study, we
investigated historical KE of two CFFDRS components in Ontario, Canada. We held semi-
structured interviews with principal Canadian Forest Service researchers and Ontario fire
management practitioners active in development and implementation of CFFDRS from the late
1960s to 2010s. Key results. The importance of both formal and informal facilitators to support
KE was emphasised. Conclusion. Participants were most likely to associate successful imple-
mentation with informal facilitators such as personal relationships, shared field-based experi-
ences, and opportunities for dialogue between researchers and practitioners. Critical to success
were the credibility and soft skills of the knowledge brokers, early engagement, and consideration
of training needs for end users in the design of products. Implications. This identification of
factors that facilitated or hindered the development and implementation of CFFDRS can enhance
the impact of research that will help wildland fire management deal with its present and future

challenges.

Keywords: collaboration, fire behaviour, fire danger, forest fire, innovation, technology transfer,
wildfire.

Introduction

Across Canada and much of the world, the impacts of wildland fire are dramatically
increasing (Bowman et al. 2020). Humans are striving to manage wildland fire under
more dynamic fire regimes and with growing complexity (Coogan et al. 2019). The many
challenges in managing fire and the research needs to help address these are well
documented and summarised in the ‘Canadian Wildland Fire Strategy — A 10-year
Review and Renewed Call to Action’ (Canadian Council of Forest Ministers 2016) and
the ‘Blueprint for wildland fire science in Canada (2019-2029)’ (Sankey 2018). As the
Canadian Wildland Fire Strategy states, ‘the problems of the future will not be resolved
by relying on the science of the past...”. The Blueprint (Sankey 2018) further speaks to
the requirement for strong science and technological innovation with a priority for
Knowledge Exchange (KE).

The process of KE is crucial for the successful development and integration of fire
science and fire management. McFayden et al. (in press) provides a framework for KE for
wildland fire management where KE is described as an overarching process in which
knowledge is collaboratively created, shared and transformed through stages of problem
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identification, enquiry, synthesis and application (Graham
et al. 2006; Reed et al. 2014). For more details, see McFayden
et al. (in press) and the references therein. Progressing
through these stages is non-linear, with interactions between
sub-systems of knowledge transfer, technology transfer, and
interface facilitated by knowledge brokers. An important
aspect of KE is that researchers and practitioners are
recognised as both knowledge producers and users with a
bi-directional flow of knowledge between them (Roux et al.
2006; Davis et al. 2013; Reed et al. 2014). Progress and
retrogress between the stages of KE is influenced by the
research and development cycle but also by Barriers and
Facilitators (BF).

An important task of KE is identifying and understanding
the significance of BF (Ryan and Cerveny 2011; Davis et al.
2013; McGee et al. 2016; Hunter et al. 2020; Tedim et al.
2021). Other disciplines have explored these BFs, such as
conservation (e.g. Walsh et al. 2019), health practices (e.g.
Mitton et al. 2007) and forest management (D’eon and
MacAfee 2016). Recent studies of KE in wildland fire
management have also taken place (e.g. Hunter et al. 2020;
Tedim et al. 2021) with others looking at specific decision
support system adoption and perspectives (e.g. Martell 2011;
Noble and Paveglio 2020; and Rapp et al. 2020).

McFayden et al. (in press) provides a summary of nine
overarching themes of BFs organised from literature and
focused on wildland fire management which include:
(1) readiness for innovation; (2) collaboration and networking;
(3) communication; (4) capacity; (5) ownership and authority;
(6) timing; (7) research motivation; (8) clear objectives and
alignment; and (9) trust. However, other studies note that
research use (and corresponding BF) is fluid and context-
dependent (Nutley et al. 2007) making it difficult to identify
universal themes.

To improve our understanding of BF in a focused Canadian
fire management context, we look at one of the most success-
ful implementations of wildland fire science in Canada — the
Canadian Forest Fire Danger Rating System (CFFDRS). This
case study focused on the CFFDRS’s uptake into operational
fire management in the province of Ontario. The aim is to
allow us to refine our understanding of the key elements that
were part of that successful KE to inform KE strategies for
future innovations for Canadian fire management agencies.

Introduction to Canadian Forest Fire Danger
Rating System (CFFDRS)

The CFFDRS is the fire danger and behaviour system inte-
grated into Canadian fire management agencies’ practices
(Taylor and Alexander 2006). The CFFDRS was conceptually
designed with four modules: (1) the nationally implemented
Fire Weather Index (FWI); (2) the Fire Behaviour Prediction

(FBP) System; (3) the incomplete Fire Occurrence Prediction
(FOP)!; and (4) Accessory Fuel Moisture Systems.

The FWI System accounts for the wetting and drying of
fuel and produces three fuel moisture codes, namely the
Fine Fuel Moisture Code, the Duff Moisture Code, and the
Drought Code. These codes relate to the actual fuel moisture
(i.e. the higher the code the drier the fuel). There are also
three indices that reflect aspects of fire behaviour in a
mature Pine fuel type, these are the Initial Spread Index,
the Build Up Index, and the Fire Weather Index (Van
Wagner 1987).

The FBP System builds on elements of the FWI System
and provides quantitative outputs of various aspects of fire
behaviour (e.g. fuel consumption, fire spread rate, fire inten-
sity) in a number of major Canadian fuel types (Forestry
Canada Fire Danger Group 1992). These two Systems (the
FWI and FBP) form the core of the CFFDRS.

Background on CFFDRS development

The CFFDRS development was led by the Canadian Forest
Service (CFS) with roots in field-based fuel moisture and
ignition studies that began in the 1930s at the Petawawa
Forest Experiment Station in Ontario (Wright 1933).
Canada’s fire hazard and danger rating methods developed
over the decades (Wright 1933; Wright and Beall 1938; Beall
1948; Canadian Department of Northern Affairs and Natural
Resources Forestry Branch 1957) the first edition of the FWI
System, designed to be a single system used universally across
Canada (Muraro 1968), released for fire management agen-
cies in 1969-1970 (Van Wagner 1974).

From the 1960s to the 1990s, the CFS fire research
program carried out a large-plot experimental burning pro-
gram collaboratively with local fire management agencies,
which focused on collecting the observations that formed
the foundation of fuel type specific models of fire behaviour.
Most of these experimental burns occurred in Ontario,
Alberta, and British Columbia. The resulting models were
assembled within what became the FBP System, which was
released in 1992 (Forestry Canada Fire Danger Group 1992).

The importance of assessing day-to-day changes in fire
potential has led other jurisdictions to also develop similar
fire danger rating tools (e.g. the National Fire Danger Rating
system (NFDRS; Deeming et al. 1972) in the United
States (Deeming et al. 1972), and the Australian Forest
Fire Danger Index (McArthur 1967) and Grass Fire Danger
Index (McArthur 1966). The CFFDRS has been used by all
Canadian fire management agencies in Canada for more
than five decades and has been adopted and adapted into
other countries to aid in wildfire planning and prevention
activities (e.g. New Zealand, Argentina, Indonesia, Malaysia).
Taylor and Alexander (2006) outline a more detailed history

't is important to note that the FOP System has had independent research and been implemented regionally. For example, Woolford et al. (2021)
document the development of human-caused FOP along with Wotton and Martell (2005) lightning-caused FOP models for Ontario.
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of the development and use of CFFDRS nationally and
internationally.

Ontario’s fire management agency’s decades long collabo-
ration with the CFS’ Great Lakes Forestry Centre and involve-
ment in the large plot experimental fire burn program (which
supported FBP System development) make it an ideal loca-
tion for a case study where there was dedicated practitioner
and researcher collaboration to explore the factors that led to
the successful development and implementation of CFFDRS.

Methods and analysis

To capture the complexity of the case study, interviews were
held with 14 participants who were identified through
Ontario Ministry of Natural Resources and Forestry (MNRF?)
and CFS networks. Participants were selected because of their
involvement in the development or implementation of the
FWI or FBP Systems in Ontario. Participants were comprised
of those who had, during their career, been either researchers
at CFS or in leadership and influential roles at the Ministry.
Participants represent a period in FWI and FBP System devel-
opment and implementation from the late 1960s to 2010s.
A social constructivist lens (Creswell and Creswell 2018) was
applied to develop research methods that effectively collected
the complex views of participants and allowed them to con-
nect their experiences to understandings of KE. An exploratory
sequential mixed method approach (Creswell and Creswell
2018) was used to offer a KE framework to participants that
they could evaluate and relate back to when describing their
experiences.

All participants completed a short questionnaire prior to
their interview that introduced them to the purpose of the
project and the deductive overarching themes of BF sum-
marised in McFayden et al. (in press), which they also
ranked on a five-option Likert scale (Joshi et al. 2015) of
overall importance in the development and implementation
of CFFDRS in Ontario.

Interviews with each participant were guided by two of
the authors who represent current CFS research and
Ministry practice. The interviews were used to gain perspec-
tives of the participants’ views on KE, to understand each
participants role in KE; characterise the state of CFFDRS
during their time of involvement; and understand to what
degree KE took place. The interviews were semi-structured
(described in Given 2008) to promote informal and genuine
conversations and participants were encouraged to speak
openly to capture and explore new and emerging themes.
The use of interview elicitation is common for many topics
in fire management (e.g. Hirsch and Martell, 1996; Brummel
et al. 2010; Thomas et al. 2015; McFayden et al. 2019; Noble
and Paveglio 2020; Rapp et al. 2020).

All interviews were held virtually because of COVID-19
health restrictions. With informed consent and permission,
interviews were recorded and transcribed through voice-to-
text software. Transcripts were reviewed and edited to
clarify transcription errors and uploaded to qualitative soft-
ware for analysis. Interviews were planned for 1 h; however,
there was no restriction on time and interviews ranged from
1hto1l.75h.

Analysis

Using NVivo qualitative analysis software, a content analysis
>was performed through a hybrid approach of mixed
inductive-deductive coding to organise data and compare
responses. Interview transcripts were first coded deductively
and themes derived from an analysis of the pre-existing
literature (see McFayden et al. in press) were matched to
sentiments expressed by participants during their interviews.
Next, interview transcripts were explored inductively to
determine emerging themes and ideas participants described
that were not emphasised through our literature review. The
resulting BFs were refined through careful reading and re-
reading of the data to gain a holistic understanding of what
participants were saying, recognise emerging patterns, and
ensure all vital aspects of the data were captured (similar to
coding described in Azungah 2018). The first round of coding
was completed by an author who is a social scientist with
iterations between fire science researcher and fire manage-
ment practitioner authors. The perspectives for each BF were
derived by the authors recalling the literature review, the
interviews, and quotes identified through the coding.

Results

In total, 14 respondents (100%) completed the pre-interview
questionnaire, with three identifying as researchers and 11
identifying as practitioners. Each participant generally put
similar weighting to each of the overarching BF themes
(from McFayden et al. in press). The order of importance
of the themes determined through the Likert survey
responses were: (1) communication; (2) capacity; (3) collab-
oration; (4) readiness for innovation; (5) trust; (6) clear objec-
tives and alignment; (7) timing; (8) research motivation; and
(9) ownership and authority (Fig. 1). However, as one survey
respondent commented in the follow-up interview,

I probably could have marked everything as “very impor-
tant”. I think what was effective in developing and imple-
menting the CFFDRS in Ontario was the willingness of
the Ontario Fire Management program to support the
developmental research and to have the internal capacity

2The Ministry of Natural Resources and Forestry (MNRF) had several names through our study period including Ministry of Natural Resources (MNR)
and Department of Lands and Forests. For consistency in the paper we use ‘Ministry’.

837


https://www.publish.csiro.au/wf

C. B. McFayden et al.

International Journal of Wildland Fire

Communication 910)

Capacity

Collaboration

Readiness for innovation

Trust

Clear objectives/alignment

Timing

Research motivation

Ownership and authority

Very important

Fig. I.

= N)
(0]
) = h
N
00
0] ® o)
0] N @
o

Important

N
|

N

Sk

Unimportant  Very unimportant

Perceived importance of overarching themes of facilitators of knowledge exchange elicited from the

introductory survey completed by 14 respondents. The facilitators are ordered from most to least important

top to bottom as indicated by the responses.

to carry out the technology transfer for the system com-
ponents (FWI System, FBP System, etc.). I think also the
collaboration and the trust between the operational [fire
management] agency and the research people was key...

The following section will outline the key BFs emerging
from the interviews organised under the nine overarching
themes, which are summarised in Fig. 2. We include a
perspective for each theme with detailed perspectives and
select quotes for the individual BF in the Supplementary
Material Part A (available online). We recognise that in
our identification of the BFs there are dynamic interactions
between them (Nutley et al. 2007), which is inherent across
all the themes which can lead to duplication and overlap of
ideas (for example, factors that support communication can
support trust and visa versa).

Theme | = communication

Through the surveys, communication was identified as the
most important theme by project participants, with 10 parti-
cipants identifying communication as ‘very important’,

838

three identifying it as ‘important’ and one ‘neutral’. During
the interviews, the importance of regular informal com-
munication was a recurring theme, with participants saying
that they benefitted from building ‘close working relation-
ships’ and being able to call [colleagues] up by telephone or
say, ‘I'm coming up... can I pop in and talk with you?’.
Although many participants acknowledged that there was
value in formal meetings and collaborative agreements,
several said these were second in importance to the informal
communication.

Time is required to develop the relationships needed to
support ongoing informal communications. In the case of
researchers working on the FWI and FBP Systems, they were
given significant fire management agency support to engage
in developing those relationships; for example, travelling to
different Ministry offices and participating in Ministry-led
initiatives. The relationships that developed allowed Ministry
field personnel the confidence to informally call up a lead
researcher and discuss some aspect of the FWI and
FBP Systems, or similarly for a researcher to ask about some
aspect of fire management. Participants noted that this type of
inter-personal communication improves the relationship and
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Fig. 2. Summary of the overarching themes from McFayden et al. (in press) and those barriers/facilitators identified through the

participant responses.

ultimately engenders the trust needed to share their thoughts
openly. It was also noted that those with the personal attri-
butes to communicate and act as intermediaries between
researchers and practitioners, were important. As one partici-
pated noted: ‘I don’t think that everybody can do it. [Those
leading the KE] need to deliver it using language that col-
leagues [can understand]...’. Researchers working on the FWI
and FBP Systems dedicated a significant amount of time to
fieldwork and prioritised in-person communication with those
involved in fire management operations.

The BF identified for this theme include: (1) multi-way
communication within the research group; (2) researcher
visibility and accessibility to practitioners; (3) informal
inter-agency (two-way) communication; (4) formal inter-
agency meetings; (5) communication products — suitable
information, fit operational needs; and (6) messenger with
effective communication skills. For detailed perspectives on
each BF and select attributed quotes, see Supplementary
Material Part Al (available online). Early, interactive,
and ongoing communications are important and support
by relationships as one participant noted:

You need to have involved the people that you hope to
use [the research outcomes] in the end involved early on.
And you need to give them some kind of information
along the way. ... You need to use some tool that brings
the practitioners and the researchers together. Just so the

people in the field don’t think that everything’s going on
in a void and they’re just going to get this thing dumped
on their lap someday ... because that means it’s not it’s
probably not going to work.

Theme 2 - capacity

Survey results for capacity were evenly split between ‘very
important’ and ‘important’, with seven respondents each.
Capacity was described by one interview participant:

I have an expression that I've used for a long time that
there’s the three C’s you need; cash, commitment and
capacity, to get anything done. You've got to put some
money on the table to make things happen; you have to
have a commitment to go through [with] it...and, you've
got to have people ready for it when the science comes
together.

The research programs that developed the FWI and FBP
Systems were described by study participants as being well-
funded and well-supported as a high priority at the organi-
sational level, in both CFS and the fire management agency.
Researchers leading the projects were well established, had
credibility within fire management circles, and a network of
support. There was also commitment for coordination and
training capacity associated with the FWI and FBP Systems.
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The KE and subsequent buy-in on the operational side was
successful partially because of the number of knowledge
brokers (as defined in McFayden et al. in press) associated
with the development and implementation of the systems
and their personal capacities to share information effec-
tively. The BF identified for this theme include: (1) financial
capacity; (2) capacity through organisational commitment;
(3) coordination and training capacity; (4) social capacity
through empowered champions; and (5) human resource
capacity, personnel, expertise, experience. For detailed per-
spectives on each BF and select attributed quotes, see
Supplementary Material Part A2 (available online).

Theme 3 - collaboration

The importance of collaboration ranked relatively high,
with seven survey respondents identifying it as ‘very impor-
tant’, five participants identifying it as ‘important’, and two
indicating they were ‘neutral’ to the importance of collabo-
ration. The ‘collaborative spirit’ of the work to build the FWI
and FBP Systems was a common theme in the interviews.
Supporting collaboration throughout the research process
resulted in more effective KE and buy-in as research products
were released. During the development of the FBP System,
CFS researchers were very engaged in Ontario’s fire program
and visited, learned, and established priorities based on
feedback from the Ministry.

Collaboration was often brought up in the interviews
around the joint field work such as the fire behaviour data
collection that would eventually contribute to the FBP System.
Fire management agency collaboration in the research process
created broad acceptance among operational users and belief
that the science that underlined the models in FBP System
was sound and could be relied upon to inform operational
decision-making. The collaboration extended beyond opera-
tions staff to research coordinators and managers. There
was support from both the CFS and the Ministry to build
the research programs and work collaboratively to achieve
meaningful outcomes. The collaboration from both agencies
extended to the dissemination and training associated with
the research products. This collaboration came in many
forms, as indicated by one interviewee:

CFS fire researchers collaborated with each other and
directly with fire management agencies, especially agency
fire management leads, while keeping research managers
informed. Agencies were involved in research planning
and prioritization, facilitated data collection (including
monitoring of large wildfires), and funded and helped
carry out the large experimental burning program essen-
tial to the development of the FBP System.

The BF identified for this theme include: (1) researchers
and practitioners work together in the field; (2) practitioners
directly involved in developing the science; (3) including all

840

the necessary people in development; (4) research agency
support to build collaborative relationships; and (5) co-
learning. For detailed perspectives on each BF and select
attributed quotes, see Supplementary Material Part A3
(available online).

Theme 4 - readiness for innovation

Seven participants evaluated readiness for innovation as
‘very important’, four evaluated it as ‘important’, and three
participants listed readiness for innovation as ‘neutral’ for
facilitating KE. From the interviews, organisational readiness
was highlighted as an important precursor to KE and sup-
porting innovative changes. In the case of the FWI and FBP
Systems, interviewees often mentioned that these systems
filled a need to better assess operational safety for fire
management. These innovations were not just incremental
improvements, multiple participants mentioned they were
addressing a clear ‘void’ where there largely was no existing
system. For example, the FBP System (as delivered in 1992)
addressed a well-accepted need that was pre-identified by its
user community. The Systems shaped through eager partner-
ship with the end-user community, whose readiness to use
the Systems developed alongside the development of the
Systems. Research outcomes were produced incrementally,
and the end users were able to follow along with the
development with interim products, supporting better
knowledge and technical transfer and therefore trust in the
products. Technology posed both opportunities and chal-
lenges for innovation, but, because products were developed
incrementally (e.g. from simple printed material to comput-
ers software), practitioners were more willing to adopt with
technology. As one participant noted:

There was a staged implementation of a simple methodol-
ogy that grew into a more complex methodology and peo-
ple could see the progression. In the first implementation,
the rough rates of spread, people said, ‘oh, they can figure
out rates of spread,” and then that evolved into a very
simple system and they said, ‘okay, this makes sense, we
can apply it in a broader range.’ People can apply it... it just
makes sense how it all falls together; it’s very logical. ... If
you just come out with the final system ... I think it would
have been a lot less successful. People would have been
very intimidated by it and just set it aside and said, ‘later,
maybe.” But the staged implementation, I think facilitated
its overall acceptance.

The BF identified for this theme include: (1) organisation
ready for new tools/products to help conduct business;
(2) championing innovation; (3) support from organisational
leadership; and (4) step-by-step process or consecutive
building of knowledge. For detailed perspectives on each
BF and select attributed quotes, see Supplementary Material
Part A4 (available online).
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Theme 5 - trust

Trust was evaluated by participants as being important, with
six respondents identifying it was ‘very important’, six identi-
fying it was ‘important’ and two respondents being ‘neutral’ to
the importance of trust. Recalling the interactions in BF, ‘trust’
is arguably a function for and requirement of many factors
(e.g. collaboration, communication). For example, the impor-
tance given to informal communications is a way of saying
relationships are key, which implicitly covers trust. This could
explain why trust was weighted as a lower importance,
because it permeates many of the themes ranked higher.
During the interviews, the theme of trust was repeatedly
emphasised as important for KE. Several interviewees high-
lighted that trust is vital in a fire management organisation
where the health and safety of operational personnel and the
public are of critical importance. The pace and high stakes
nature of the fire program requires trust in the information and
tools being used to support decision-making. Participants not
only highlighted the importance of trust within fire operations,
but how that trust needed to extend to research, researchers
and the associated products produced. Trust had to be gained
at key organisational levels, including operations and manage-
ment. Similarly, in the case of the development of the FWI and
FBP Systems, trust in individual researchers also had to be
earned and not bestowed by their organisational affiliation.
This grew out of three key components: (1) their extensive
experience on wildland fires; (2) their extended interactions
and reputation with working-level Ministry fire practitioners;
and (3) their engagement in a process that sought practitioner
feedback, insight and advice during the development and
testing of research products. In the case of the FWI and FBP
System work, it was important that tools were used to help
practitioners to work through the methodologies themselves to
gain trust. Examples include the FWI System workbook tables
(Canadian Forestry Service 1984) and the tables in the ‘Red
Book,” a Field Guide to the Canadian Forest Fire Behaviour
Prediction System (Taylor et al. 1996). The following quote by
one of the participants sums up trust well:

There needs to be that trust with the organization that
developed [the product] and in the person who’s in the
program who has to deliver it and explain it. And they
have to be able to say, “This is credible research; I know
the people who did it. They based it on X, Y and Z, and I
really think this will help.” It just helps bring the masses
up to speed ... and [builds] that trust.

The BF identified for this theme include: (1) the impor-
tance of trust within fire management organisations; (2) trust
in researchers; (3) broader fire management agency trust in
the work; and (4) trust in products developed to support fire
management operations. For detailed perspectives on each BF
and select attributed quotes, see Supplementary Material Part
A5 (available online).

Theme 6 - clear objectives and alignment

In the questionnaire, three participants identified clear objec-
tives and alignment to be ‘very important’, six identified it as
‘important’, and five were ‘neutral’ to the importance of clear
objectives. Although alignment between fire management
agencies and research organisation was important in terms
of establishing a set of common research priorities, it was
clear from the interviews that pre-defined final deliverables,
at least initially, was not as important. Researchers worked
iteratively, to develop a responsive research program with
beneficial outcomes to fire management overall. This iterative
process relied heavily on ongoing interaction with fire man-
agement field staff, which was supported by their respective
higher-level management. From the interviews, it was
apparent that the principle objectives of the CFFDRS,
research programs were focused on appropriately reflecting
the needs of fire management practitioners and ensuring
effective KE. Ministry fire management practitioners were
engaged in and informed that research process. There was
also significant time and effort invested in KE among
researchers, facilitators, and trainers among the multiple
agencies and within the Ministry to ensure the FWI and
FBP Systems were adopted. As identified by one participant,
a truer understanding by both parties (which forms objectives)
is needed to be successful.

I think you understand the need to bring the people along
on both sides of the table and bring them together and get
them talking so that things work. ... [Researchers] have
thought they had the greatest model and the greatest
analytical tools, but it is important to develop it in a
way that it is what the [end user] wants to use it and
it’s in a format that they can use.

The BF identified for this theme include: (1) collaborative
development of objectives; (2) aligned objectives; (3) research
products were developed with the clear objective of being
appropriate to the end user; and (4) objectives include
a pathway to successful implementation. For detailed per-
spectives on each BF and select attributed quotes, see
Supplementary Material Part A6 (available online).

Theme 7 - timing

Although timing was thought to be important, it was less
important than some of the other themes for ensuring
successful KE. Overall, two participants identify that it was
‘very important’, nine participants responding it was ‘impor-
tant’, two participants ‘neutral’ to its importance, and one
respondent identifying that it is ‘not important’. From the
interviews, it was understood that the process for the inte-
gration of new ideas and products into sustained operational
use takes a significant amount of time even where there is a
clear need. Two key elements of the timely uptake of new
science-based products appear to be the personal readiness
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of the staff who are potentially adopting it into their day-to-
day fire management activities and the organisation’s
technological readiness to apply the innovation. The lack
of either of these elements in an organisation can result in
diminished early adoption, inhibiting the innovations spread
to most users. The FBP System research program offered
early outputs for interim evaluation (and to motivate feed-
back), which succeeded in creating a foundation of readiness
(and a core of local champions) for the organisation to get
new products and tools out to a wider audience.

Another consistent comment from the interviews related
to timing with the FWI and FBP Systems was the impression
that the ‘stars aligned’ — that the timing was perfect. CFS
researchers were encouraged to work on Ontario-specific
research questions, there was a capable and credible group
of researchers working on the projects. Those researchers
had well-established, interpersonal relationships with provin-
cial fire managers, and collectively were engaged in each
other’s work and committed to sharing ideas and innovations.
It may have taken much longer had any of those elements not
occurred or been available within the same period.

The BF identified for this theme include: (1) implemen-
tation of new ideas and tools takes time; and (2) timing
aligns with people, process and opportunity. For detailed
perspectives on each BF and select attributed quotes, see
Supplementary Material Part A7 (available online).

Theme 8 - research motivation

Although evaluated as important, research motivation was
determined to be the eighth most important theme for KE in
the survey; just one respondent characterising it as ‘very
important’, eight evaluating it as ‘important’ and five respon-
dents describing it of ‘neutral’ importance to KE. During the
interviews, however, participants described several themes
that relate to research motivation as a mechanism to ensure
the success of research products and KE. With both the FWI
and FBP Systems, alignment between research objectives and
operational objectives was critically important to the success
of the KE for these products. Researchers who were moti-
vated to build collaboration with fire management staff into
their research process, consequently built the credibility
within fire management circles. The accessibility of research-
ers and supporting fire management practitioners during the
research process was highlighted as a very important factor.
Participants also discussed the fire management agency’s role
in driving research motivation by incentivising it through
appropriate funding and support and the interactions to
ensure their research products are applicable and appropriate
for implementation, for example one participant stated:

[As a researcher,] I think really if you’re collaborating
with each other with the idea that the sum is more than
the parts you’ll get something out of it collectively that
makes it better. I think that’s the important way to go at it
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and it requires trust... [As a researcher,] you’re not col-
laborating on something ...because you’re going to get a
paper out of it; you’re collaborating because you have
common interests there and usually what that generates
are some different ways of looking at things.

Several study participants highlighted that, over time,
research motivation had changed causing the research to
become less fire management operations focused. The BF
identified for this theme include: (1) research motivated by
operational need; (2) research motivated by fire manage-
ment focused engagement; and (3) supporting fire manage-
ment operations as part of the research process. For detailed
perspectives on each BF and select attributed quotes, see
Supplementary Material Part A8 (available online).

Theme 9 - ownership and authority

Overall, participants suggested that ownership and author-
ity is important for KE, although it was not as important as
the other criteria; two participants responded that is was
‘very important’, six responded that it was ‘important’, five
respondents were ‘neutral’ to the importance of ownership
and authority, and one stated it was ‘unimportant’. During
the interviews, participants identified several themes sug-
gesting that ownership and authority was important for KE.
The importance of commitment to develop tools to support
decision-making was described and the feelings of owner-
ship in the research. To develop the FWI and FBP System
products, the CFS and the Ministry committed significant
time and resources to collecting data used in that research
and consequently had authority and ownership.

The BF identified for this theme include: (1) fire manage-
ment agency commitment to implement co-developed tools;
(2) financial commitment for fire management agency-
driven outcomes; (3) required ownership and participation
from multiple levels within the fire management agency;
and (4) evidence of fire management agency authority in the
research process. For detailed perspectives on each BF and
select attributed quotes, see Supplementary Material Part A9
(available online).

Discussion

There are some key similarities and differences from the BFs
presented in the literature, and those from the case study.
Communication challenges associated with traditional aca-
demic language and jargon are described in the fire man-
agement literature (e.g. Ryan and Cerveny 2011; Davis et al.
2013) and beyond (e.g. Mitton et al. 2007). In the FWI and
FBP system case, participants identified that communication
products need to be developed with the practitioner (end
user) in mind and therefore, the knowledge and technical
transfer challenge is broader than the language used. It
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includes the types of products developed and how they are
shared with practitioners. While others (e.g. Davis et al
2013; McGee et al. 2016; Noble and Paveglio 2020) describe
the importance of face-to-face exchanges and in-person
engagement, results from the FWI and FBP case suggest
these in-person communications need to extend to opera-
tional and field-based activities where researchers engage
with fire management practitioners during their day-to-
day operations. Participants also described the importance
of having a messenger with effective communication skills,
which was also identified to be important by Mitton
et al. (2007).

As in the FWI and FBP case, the importance of sufficient
resources to support KE is widely identified in the literature
(e.g. Ryan and Cerveny 2011; Davis et al. 2013; McGee et al.
2016). The importance of training capacity was also evident
in the FWI and FBP case and literature (Noble and Paveglio
2020; Rapp et al. 2020). The importance of champions for
facilitating the KE process was well described by study par-
ticipants but not as well described in the fire management
literature to-date. Champions were identified by participants
as vital to KE as well as the successful implementation of
both the FWI and FBP systems.

While other studies describing KE discussed the impor-
tance of a network and the development of collaborative
research partnerships (e.g. Mitton et al. 2007; McGee et al.
2016), responses from participants in the FWI and FBP case
focused more on the informal aspects of collaboration,
including ensuring that the right people are included, they
can work together and co-learn, with many participants
suggesting that informal communication and collaboration
may be more important than formal networks and collabo-
rative agreements. Research related to the FWI and FBP
Systems was motivated by operational needs and providing
relevant new knowledge to practitioners. As suggested by
others (Ryan and Cerveny 2011; Davis et al. 2013), this is an
essential facilitator to KE in wildland fire management. The
issue of various reward systems creating misaligned goals
for researchers and practitioners has also been identified in
the literature (Ryan and Cerveny 2011; McGee et al. 2016)
as potential BF to KE. At the time of the development of the
FWI and FBP systems, researchers and practitioners were
encouraged to work together to address operational chal-
lenges in wildland fire management as mutual incentive.

However, as study participants have suggested, these
mutual incentives can diverge over time if the conditions
are not maintained. Participants emphasised the importance
of trust within a fire management organisation to adopt or
implement science generally because of the fast pace and
high-stakes decision making that takes place within the
organisation. This organisational environment demands a
high-level of trust and credibility from researchers and
products developed based on the research. Those involved
in fire management organisations commonly want to be able
to verify the information from a researcher or tool, and only

through doing this will new innovations be implemented.
Although high-level agency support, high user involvement
(Noble and Paveglio 2020) and readiness for change
(Mitton et al. 2007) are important facilitators for innova-
tion, study participants highlighted the importance of an
incremental step-by-step process to implementation to
ensure practitioners understand and appreciate the new
information and tools developed. This was identified as a
key facilitator in the broad adoption of the FWI and FBP
Systems.

While formal, higher-level ownership and authority,
including collaborative research agreements, memorandums
of understanding, and formal funding agreements, were
described by case study participants as important for facilitat-
ing KE, many participants also identified the importance of
the sense of ownership which extends from those researchers
and practitioners working together to develop new innova-
tions on the ground. In the FWI and FBP systems, the feeling
of ownership supported the development of system champi-
ons and supported operational buy-in for the research and
associated products.

Although other papers have emphasised the importance
of clear objectives and goals to support knowledge and
technical transfer (e.g. Noble and Paveglio 2020), the impor-
tance of maintaining an open and iterative dialogue between
researchers and practitioners throughout the initiative from
problem identification to implementation, was described by
participants as being even more important. This means that
objectives may change over time, but all parties had to be
involved as the projects evolved. Transparency and align-
ment with the needs of the end user were described by
participants as best fostering KE.

Enhancing future fire management innovation can be
supported through a sound KE approach. For example, the
efforts to update the core components of the CFFDRS
(Canadian Forest Service Fire Danger Group 2021) and to
support the WildFireSat initiative (Jackson and Johnston
2020; Johnston et al. 2020; Government of Canada 2022).
These two initiatives recognise the importance of KE, which
are outlined further in the Supplementary Material, Part B
(available online). KE strategies tailored to collaborative
teams have been successful in Canada in similar areas
such as forest management (e.g. D’Eon and MacAfee 2016).

This retrospective case study investigated the develop-
ment and implementation of the FWI and FBP Systems in
Ontario to focus a Canadian lens on the nature of barriers and
facilitators to KE in fire management from both the research-
ers and practitioners involved. We believe these observations
are generally applicable across Canada since Canadian fire
management agencies have similarities and have the shared
experience of implementing the national FWI and FBP
Systems at the same time. However, we also recognise that
each of the fire management agencies across Canada
have varying mandates, policies, strategies, and practices
(see Tymstra et al. 2020) and consequently, there may be
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important differences and BFs introduced through the dif-
ferent fire management agency organisational structures
(Damanpour and Gopalakrishnan 1998). Furthermore, we
have not directly discussed the interactions between orga-
nisational and individual factors, which have been variously
shown to predict attitudes towards and actual use of
technological innovations (Devaraj et al. 2008). Workplace
cultures are not static and evolve over time, people leave or
change roles and technology changes which may not be
reflected by a retrospective look at KE. As noted by the
following quote:

Computerization brought, and still brings, the ability to
quickly get real data from somewhere. So now [fire
managers] are talking about satellite information. We’re
in the information age and what we’re seeing with the
Internet is the ability to get information from a distant
place. ... [Decision-makers in the past] wouldn’t have
made a decision without one of the [Technicians] flying
over [a fire], and looking at it...That’s changed right, so
[the technology is] giving you the ability to make deci-
sions in different ways. ... Now, the computer gives [fire
management staff] so much information... and the most
of them [grew up in the information age], so handling
multiple streams of information isn’t unusual to them...

When interpreting some of the observations highlighted
here, it is important to consider the changing information
landscape (the technology, tools and ways people interact
with information) that occurred over the case study period
and how that might influence the future decision making.
For example, recent research has explored the impact of the
changing digital landscape relative to KE as a result of the
COVID-19 pandemic (Nguyen et al. 2021). With the ongoing
advances in fire science and continued technological inno-
vation, there is a need for ongoing discussion, continued
research, and as the workplace continues to change, contin-
ued observation and adaptation of KE strategies.

Overall, results from this case study of KE for the
CFFDRS in Ontario, emphasise the importance of both for-
mal and informal facilitators to support KE. Participants
were more likely to describe the value of informal
facilitators, including interpersonal relationships, common
field-based settings experiences, and opportunities for
informal dialogue as these support trust, buy-in, and even-
tually, implementation of research products. The credibility
and soft skills of the FWI and FBP System champions and
embedding them within respective agencies were also key
facilitators to the success. Thinking through the knowledge
transfer aspect of research ahead of time, including the
appropriate people and developing products and training
for end-users was also of critical importance. By adapting
the perspectives and lessons learned on KE from the past,
future KE in wildland fire management and science may be
more successful.
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Supplementary material

Supplementary Material is available online. Part A, Perspectives
and supporting quotes for barriers and facilitators; and Part B,
Examples of potential applications.

References

Azungah T (2018) Qualitative research: deductive and inductive
approaches to data analysis. Qualitative Research Journal 18(4),
383-400. doi:10.1108/QRJ-D-18-00035

Beall HW (1948) ‘Forest fire danger tables (provisional)’, 2nd edn
revised. Research Note 12. 73 p. (Canadian Department Mines &
Resources, Dominion Forest Service, Forest Fire)

Bowman DM, Kolden CA, Abatzoglou JT, Johnston FH, van der Werf GR,
Flannigan M (2020) Vegetation fires in the Anthropocene. Nature
Reviews Earth & Environment 1, 500-515. do0i:10.1038/s43017-020-
0085-3

Brummel RF, Nelson KC, Souter SG, Jakes PJ, Williams DR (2010)
Social learning in a policy-mandated collaboration: community
wildfire protection planning in the eastern United States. Journal of
Environmental Planning and Management 53(6), 681-699.
doi:10.1080/09640568.2010.488090

Canadian Council of Forest Ministers (2016) ‘Canadian wildland fire
strategy. A 10-year review and renewed call to action’. 15 p.
(Canadian Council of Forest Ministers, Ottawa Ontario)

Canadian Department of Northern Affairs and Natural Resources
Forestry Branch (1957) ‘Forest fire danger tables — Ontario, 1956°.
16 p. (Government of Canada, Department of Northern Affairs and
National Resources, Forestry Branch: Ottawa, Ontario) Available at
https://cfs.nrcan.gc.ca/publications?id = 26089

Canadian Forest Service Fire Danger Group (2021) The Vision for the
Next Generation of the Canadian Forest Fire Danger Rating System.
In ‘Great Lakes Forestry Centre Information Report GLC-X-26’. 70 p.
(Natural Resources Canada, Canadian Forest Service) Available at
https://cfs.nrcan.gc.ca/publications?id = 40474

Canadian Forestry Service (1984) ‘Tables for the Canadian Forest Fire
Weather Index System’. Forestry Technical Report 25 (4th edn).
(Environment Canada, Canadian Forest Service) Available at
https://cfs.nrcan.gc.ca/publications?id =31168

Coogan SCP, Robinne F-N, Jain P, Flannigan MD (2019) Scientists’
warning on wildfire—a Canadian perspective. Canadian Journal of
Forest Research 49, 1015-1023. doi:10.1139/cjfr-2019-0094

Creswell DW, Creswell JD (2018) ‘Research Design: Qualitative,
Quantitative, and Mixed Methods Approaches’, 5th edn. (Sage
Publications)

Damanpour F, Gopalakrishnan S (1998) Theories of organizational
structure and innovation adoption: the role of environmental change.
Journal of Engineering and Technology Management 15(1), 1-24.
doi:10.1016/50923-4748(97)00029-5

Davis EJ, Moseley C, Olsen C, Abrams J, Creighton J (2013) Diversity
and dynamism of fire science user needs. Journal of Forestry 111(2),
101-107. doi:10.5849/jof.12-037

Deeming JE, Lancaster JW, Fosberg MA, Furman RW, Schroeder P
(1972) National fire-danger-rating system. In ‘Rocky Mountain
Forest and Range Experiment Station Research Paper RM-84'.
(USDA Forest Service: Fort Collins, CO)

D’Eon S, MacAfee K (2016) Knowledge exchange in the Canadian Wood
Fibre Centre: national scope with regional delivery. The Forestry
Chronicle 92(4), 441-446. doi:10.5558/tfc2016-079

Devaraj S, Easley RF, Crant JM (2008) Research note—how does
personality matter? Relating the five-factor model to technology
acceptance and use. Information Systems Research 19(1), 93-105.
doi:10.1287/isre.1070.0153

Forestry Canada Fire Danger Group (1992) Development and structure of
the Canadian forest fire behavior prediction system. In ‘Report ST-X-3".
(Ottawa Ontario, Forestry Canada, Science and Sustainable Development
Directorate) Available at https://cfs.nrcan.gc.ca/publications?id = 10068

Given LM (2008) ‘The SAGE encyclopedia of qualitative research meth-
ods (Vols. 1-0).” (SAGE Publications, Inc.: Thousand Oaks, CA)
doi:10.4135/9781412963909.


https://doi.org/10.1071/WF22015
https://doi.org/10.1108/QRJ-D-18-00035
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1038/s43017-020-0085-3
https://doi.org/10.1080/09640568.2010.488090
https://cfs.nrcan.gc.ca/publications?id=26089
https://cfs.nrcan.gc.ca/publications?id=40474
https://cfs.nrcan.gc.ca/publications?id=31168
https://doi.org/10.1139/cjfr-2019-0094
https://doi.org/10.1016/S0923-4748(97)00029-5
https://doi.org/10.5849/jof.12-037
https://doi.org/10.5558/tfc2016-079
https://doi.org/10.1287/isre.1070.0153
https://cfs.nrcan.gc.ca/publications?id=10068
https://doi.org/10.4135/9781412963909

www.publish.csiro.au/wf

International Journal of Wildland Fire

Government of Canada (2022) Interdepartmental Memorandum of
Understanding for the WildFireSat Project. Government of Canada,
Canadian Space Agency. (St Hubert, QC)

Graham ID, Logan J, Harrison MB, Straus SE, Tetroe J, Caswell W,
Robinson N (2006) Lost in knowledge translation: time for a map.
Journal of Continuing Education in the Health Professions 26(1),
13-24. do0i:10.1002/chp.47

Hirsch KG, Martell DL (1996) A review of initial attack fire crew
productivity and effectiveness. International Journal of Wildland
Fire 6(4), 199-215. doi:10.1071/WF9960199

Hunter ME, Colavito MM, Wright V (2020) The Use of Science in
Wildland Fire Management: a Review of Barriers and Facilitators.
Current Forestry Reports 6(4), 354-367. do0i:10.1007/s40725-020-
00127-2

Jackson N, Johnston JM (2020) WildFireSat: Mission Requirements
Document. Canadian Space Agency, Document Number CSA-WFS-
RD-0002. (St Hubert, QC)

Johnston JM, Jackson N, McFayden C, Ngo Phong L, Lawrence B,
Davignon D, Wooster MJ, van Mierlo H, Thompson DK, Cantin AS,
Johnston D, Johnston LM, Sloane M, Ramos R, Lynham TJ (2020)
Development of the user requirements for the Canadian WildFireSat
Satellite Mission. Sensors 20(18), 5081. do0i:10.3390/s20185081

Joshi A, Kale S, Chandel S, Pal DK (2015) Likert scale: Explored and
explained. British Journal of Applied Science & Technology 7(4),
396-403. doi:10.9734/BJAST/2015/14975.

Martell D (2011) The development and implementation of forest and
wildland fire management decision support systems: reflections on
past practices and emerging needs and challenges. Mathematical and
Computational Forestry & Natural Resource Sciences 3(1), 18-26.

McArthur AG (1966) ‘Weather and grassland fire behaviour.’
(Commonwealth of Australia Forest and Timber Bureau: Leaflet
100, Canberra, ACT)

McArthur AG (1967) ‘Fire behaviour in eucalypt forest.” (Commonwealth
of Australia Forest and Timber Bureau: Leaflet 107, Canberra, ACT)
McFayden CB, Woolford DG, Stacey A, Boychuk D, Johnston JM,
Wheatley MJ, Martell DL (2019) Risk assessment for wildland fire
aerial detection patrol route planning in Ontario, Canada.
International Journal of Wildland Fire 29(1), 28-41. doi:10.1071/

WF19084

McFayden CB, Johnston LM, Woolford DG, George C, Johnston D,
Boychuk D, Wotton BM, Johnston JM (in press). A Conceptual
Framework for Knowledge Exchange in a Wildland Fire Research
and Practice Context. In ‘Applied Data Science: Data Translators
Across the Disciplines’. (Eds D Woolford, D Kotsopoulos, B Samuels)
(Springer, Interdisciplinary Applied Sciences)

McGee TK, Curtis A, McFarlane BL, Shindler B, Christianson A, Olsen C,
McCaffrey S (2016) Facilitating knowledge transfer between
researchers and wildfire practitioners about trust: An international
case study. The Forestry Chronicle 92(2), 167-171. doi:10.5558/
tfc2016-035

Mitton C, Adair CE, Mckenzie E, Patten SB, Perry BW (2007) Knowledge
Transfer and Exchange: Review and Synthesis of the Literature:
Knowledge Transfer and Exchange. Milbank Quarterly 85(4),
729-768. doi:10.1111/j.1468-0009.2007.00506.x

Muraro SJ (1968) A modular approach to a revised national fire danger
rating system. In ‘Contributions to the development of a national
fire danger rating system’. Information Report BC-X-37. (Canadian
Forest Service, Victoria, BC) Available at https://cfs.nrcan.gc.ca/
publications?id = 27977

Nguyen VM, Bell C, Berseth V, Cvitanovic C, Darwent R, Falconer M,
Hutchen J, Kapoor T, Klenk N, Young N (2021) Promises and pitfalls of
digital knowledge exchange resulting from the COVID-19 pandemic.
Socio-Ecological Practice Research 3(4), 427-439. doi:10.1007/
$42532-021-00097-0

Noble P, Paveglio TB (2020) Exploring adoption of the wildland fire
decision support system: End user perspectives. Journal of Forestry
118(2), 154-171. doi:10.1093/jofore/fvz070

Nutley SM, Walter I, Davies HT (2007) ‘Using evidence: How research
can inform public services.” (Policy Press)

Rapp C, Rabung E, Wilson R, Toman E (2020) Wildfire decision support
tools: An exploratory study of use in the United States. International
Journal of Wildland Fire 29(7), 581-594. do0i:10.1071/WF19131

Reed MS, Stringer LC, Fazey I, Evely AC, Kruijsen JHJ (2014) Five
principles for the practice of knowledge exchange in environmental
management. Journal of Environmental Management 146, 337-345.
doi:10.1016/j.jenvman.2014.07.021

Roux DJ, Rogers KH, Biggs HC, Ashton PJ, Sergeant A (2006) Bridging
the science-management divide: moving from unidirectional knowl-
edge transfer to knowledge interfacing and sharing. Ecology and
Society 11(1), 4. doi:10.5751/ES-01643-110104

Ryan CM, Cerveny LK (2011) Wildland fire science for management: Federal
fire manager information needs, sources, and uses. Western Journal of
Applied Forestry 26(3), 126-132. doi:10.1093/wjaf/26.3.126

Sankey S (2018) ‘Blueprint for wildland fire science in Canada (2019-
2029).” (Natural Resources Canada, Canadian Forest Service, Northern
Forestry Centre) Available at http://cfs.nrcan.gc.ca/publications?id =
39429

Taylor SW, Alexander ME (2006) Science, technology, and human
factors in fire danger rating: the Canadian experience. International
Journal of Wildland Fire 15(1), 121-135. doi:10.1071/WF05021

Taylor SW, Pike RG, Alexander ME (1996) ‘Field guide to the Canadian
Forest Fire Behavior Prediction (FBP) System’, 1st edn. (Natural
Resources Canada, Canadian Forest Service, Pacific Forestry Centre,
Victoria British Columbia, FRDA Handbook 012, co-published by the
BC Ministry of Forests)

Tedim F, McCaffrey S, Leone V, Vazquez-Varela C, Depietri Y, Buergelt
P, Lovreglio R (2021) Supporting a shift in wildfire management from
fighting fires to thriving with fires: The need for translational wildfire
science. Forest Policy and Economics 131, 102565. doi:10.1016/
j-.forpol.2021.102565

Thomas D, Fox R, Miller C (2015) Voices from the field: Wildland fire
managers and high-reliability organizing mindfulness. Society &
Natural Resources 28(8), 825-838. do0i:10.1080/08941920.2015.
1014590

Tymstra C, Stocks BJ, Cai X, Flannigan MD (2020) Wildfire manage-
ment in Canada: Review, challenges and opportunities. Progress in
Disaster Science 5, 100045. doi:10.1016/j.pdisas.2019.100045

Van Wagner CE (1974) ‘Structure of the Canadian Forest Fire Weather
Index.” (Environment Canada, Canadian Forestry Service, Petawawa
Forest Experiment Station, Chalk River Ontario Departmental
Publication 1333) Available at https://cfs.nrcan.gc.ca/publications?
id=24864

Van Wagner CE (1987) Development and structure of the Canadian
Forest Fire Weather Index System. In ‘Forestry Technical Report 35’.
35 p. (Canadian Forestry Service, Headquarters: Ottawa)

Walsh JC, Dicks LV, Raymond CM, Sutherland WJ (2019) A typology of
barriers and enablers of scientific evidence use in conservation practice.
Journal of Environmental Management 250, 109481. doi:10.1016/
jjenvman.2019.109481

Woolford DG, Martell DL, McFayden CB, Evens J, Stacey A, Wotton BM,
Boychuk D (2021) The development and implementation of a human-
caused wildland fire occurrence prediction system for the province of
Ontario, Canada. Canadian Journal of Forest Research 51(2),
303-325. doi:10.1139/¢jfr-2020-0313

Wotton BM, Martell DL (2005) A lightning fire occurrence model for
Ontario. Canadian Journal of Forest Research 35(6), 1389-1401.
doi:10.1139/x05-071

Wright JG (1933) ‘Forest fire hazard tables for mixed red and white pine
forests, eastern Ontario and western Quebec regions.” (Canada
Department of the Interior, Dominion Forest Service: Ottawa,
Ontario) Available at https://cfs.nrcan.gc.ca/publications?id = 36177

Wright JG, Beall HW (1938) Preliminary improved forest fire hazard
tables for eastern Canada. In ‘Forest Fire Research Note 5. 42 p.
(Canadian Department Mines & Resources, Dominion Forest Service)

845


https://doi.org/10.1002/chp.47
https://doi.org/10.1071/WF9960199
https://doi.org/10.1007/s40725-020-00127-2
https://doi.org/10.1007/s40725-020-00127-2
https://doi.org/10.3390/s20185081
https://doi.org/10.9734/BJAST/2015/14975.
https://doi.org/10.1071/WF19084
https://doi.org/10.1071/WF19084
https://doi.org/10.5558/tfc2016-035
https://doi.org/10.5558/tfc2016-035
https://doi.org/10.1111/j.1468-0009.2007.00506.x
https://cfs.nrcan.gc.ca/publications?id=27977
https://cfs.nrcan.gc.ca/publications?id=27977
https://doi.org/10.1007/s42532-021-00097-0
https://doi.org/10.1007/s42532-021-00097-0
https://doi.org/10.1093/jofore/fvz070
https://doi.org/10.1071/WF19131
https://doi.org/10.1016/j.jenvman.2014.07.021
https://doi.org/10.5751/ES-01643-110104
https://doi.org/10.1093/wjaf/26.3.126
http://cfs.nrcan.gc.ca/publications?id=39429
http://cfs.nrcan.gc.ca/publications?id=39429
https://doi.org/10.1071/WF05021
https://doi.org/10.1016/j.forpol.2021.102565
https://doi.org/10.1016/j.forpol.2021.102565
https://doi.org/10.1080/08941920.2015.1014590
https://doi.org/10.1080/08941920.2015.1014590
https://doi.org/10.1016/j.pdisas.2019.100045
https://cfs.nrcan.gc.ca/publications?id=24864
https://cfs.nrcan.gc.ca/publications?id=24864
https://doi.org/10.1016/j.jenvman.2019.109481
https://doi.org/10.1016/j.jenvman.2019.109481
https://doi.org/10.1139/cjfr-2020-0313
https://doi.org/10.1139/x05-071
https://cfs.nrcan.gc.ca/publications?id=36177
https://www.publish.csiro.au/wf

C. B. McFayden et al. International Journal of Wildland Fire

Ethics statement. We followed the Government of Ontario ethical guidelines to ensure that research was conducted in a way that respects the rights and
welfare of research participants with appropriate, explicit informed, voluntary consent, and participation.

Data availability. The available data are included in the accompanying online Supplementary Material.
Conflicts of interest. The authors declare no conflicts of interest.
Declaration of funding. This research did not receive any specific funding.

Acknowledgements. We thank Bill Droog, Bob Elliott, Rob Frech, Norma Griffin, Robert Janser, Bob Johnston, Bruce Little, Tim Lynham, Rob McAlpine,
Doug McRae, Susan Reany-Iskra, Brian Stocks, Al Tithecott and Paul Ward for their thoughtful reflections. This work was in-part completed to support the
WildFireSat User and Science Team fire management engagement planning. Den Boychuk is thanked for technical support and assistance with the manuscript
preparation. We thank David Martell for helpful conversations and identifying former researchers and Ministry staff that would have worked with these
systems and may have been able to provide background information. We thank the associate editor and anonymous reviewers for constructive and helpful
suggestions. This work was supported through collaboration between the Ontario Ministry of Natural Resources and Forestry and the Canadian Forest
Service.

Author affiliations

AOntario Ministry of Natural Resources and Forestry, Aviation, Forest Fire and Emergency Services, Dryden Fire Management Centre, 95 Ghost Lake Road,
P.O. Box 850, Dryden, ON P8N 275, Canada.

BOntario Ministry of Natural Resources and Forestry, Science and Research Branch, Centre for Northern Forest Ecosystem Research, 103-421 James Street
South, Thunder Bay, ON, P7E 2V6, Canada.

CNatural Resources Canada, Canadian Forest Service, Great Lakes Forestry Centre, 1219 Queen Street E., Sault Ste. Marie, ON P6A 2E5, Canada.

PGraduate Department of Forestry, John. H. Daniels Faculty of Architecture, Landscape and Design, University of Toronto, 33 Willcocks, Street, Toronto,
ON M5S 3B3, Canada.

EOntario Ministry of Natural Resources and Forestry, Aviation Forest Fire and Emergency Services, 40070 Foster Drive, Sault Ste Marie, ON P6A 6V5,
Canada.

846



	A case-study of wildland fire management knowledge exchange: the barriers and facilitators in the development and integration of the Canadian Forest Fire Danger Rating System in Ontario, Canada
	Introduction
	Introduction to Canadian Forest Fire Danger Rating System (CFFDRS)
	Background on CFFDRS development
	Methods and analysis
	Analysis
	Results
	Theme 1 - communication
	Theme 2 - capacity
	Theme 3 - collaboration
	Theme 4 - readiness for innovation
	Theme 5 - trust
	Theme 6 - clear objectives and alignment
	Theme 7 - timing
	Theme 8 - research motivation
	Theme 9 - ownership and authority
	Discussion
	Supplementary material
	References




