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PUBLICATION THESIS OPTION

This thesis consists of two articles, formatted for publication in their respective
journals:

Paper I, found on pages 3 - 37, has been published in the Journal of Fire Ecology
in February of 2024. The citation of the publication is: Held, M.B., Ragland, M.R., Wood,
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(2024). https://doi.org/10.1186/s42408-023-00235-x

Paper Il, found on pages 38 - 62, has been formatted and submitted for publishing

in the Journal of Human Factors.


https://doi.org/10.1186/s42408-023-00235-x

ABSTRACT

This thesis offers an analysis of how environmental health and workload affect
wildland fire dispatchers and firefighters, combining results from two studies. The first
study, "Environmental Health of Wildland Firefighters: A Scoping Review," performs a
scoping review of scientific literature that examines the unique environmental health
challenges wildland firefighters face. The review points out the increased risks to safety,
health, and well-being from more exposure to natural hazards, identifying key research
gaps and priorities. It stresses the need to broaden the geographic and demographic scope
of studies, improve analytical methods, and increase research funding and focus for
wildland firefighters.

The second paper, "Relationships Between Workload and Error in Wildland Fire
Dispatchers," explores how workload metrics and error rates correlate in wildland fire
dispatchers. By analyzing data from 2022 to 2023, this study reveals the subtle
interactions between operational demands and errors, providing insights into improving
safety and efficiency in managing wildland fire incidents.

Together, these studies make a significant contribution to emergency management
and environmental health by highlighting the complex factors that affect the safety and
health of those on the front lines of wildfire management through a multidisciplinary
approach to tackle these challenges, underscoring the importance of targeted strategies,
comprehensive training, and a stronger focus on safety culture in wildland fire response

efforts.
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1. INTRODUCTION

In the face of escalating wildfire incidents across the globe, exacerbated by
climate change and expanding human settlements into fire-prone areas, the roles of
wildland firefighters and dispatchers have never been more critical. These professionals,
who stand on the frontline of one of nature's most formidable challenges, navigate a
landscape marked by both physical danger and intricate logistical coordination. This
thesis delves into the interconnected worlds of wildland firefighters and fire dispatchers,
exploring the multifaceted challenges they encounter, from environmental health risks to
the complexities of workload and error management in high-stress situations.

Wildland firefighters engage directly with wildfires, operating in conditions that pose
significant risks to their physical and mental health. Their work demands exceptional
physical endurance, tactical acumen, and psychological resilience, as they confront not
only the immediate threats of flames but also the long-term health implications of
exposure to hazardous environments. The transition from the frontline to the dispatch
center is a path taken by many in this field, carrying with them invaluable experience but
also, potentially, the cumulative health impacts of their firefighting careers.

Fire dispatchers, often veterans of wildland firefighting themselves, play a pivotal
role in the strategic management and operational success of fire suppression efforts. Their
transition from operational firefighting to dispatch roles introduces a unique perspective
into the dispatch environment, blending firsthand knowledge of the fireline with the
critical responsibilities of logistical support and decision-making. However, this shift also

encapsulates a transition of challenges, where the physical demands of firefighting give



way to the mental and emotional rigors of workload management and error mitigation in
the dispatch center.

This thesis presents an integrated examination of these two crucial components of
wildfire management. The first study focuses on the environmental health concerns of
wildland firefighters, highlighting the specific risks associated with their vital work and
the imperative for targeted health and safety interventions. The second study shifts the
lens to wildland fire dispatchers, examining the dynamics of workload and error in the
dispatch centers, with a particular emphasis on how the experiences of former wildland
firefighters influence operational efficiency and safety outcomes.

By weaving together these two strands of research, the thesis seeks to underscore
the continuity of experience and risk that links the front lines of firefighting with the
strategic hub of dispatch operations, advocating for a holistic approach to health, safety,
and efficiency that recognizes the shared journey of these professionals. Through this
comprehensive exploration, the thesis contributes to a deeper understanding of the needs
and challenges of wildland fire responders, offering insights that can inform more

effective strategies for support and intervention.
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I. ENVIRONMENTAL HEALTH OF WILDLAND FIREFIGHTERS: A SCOPING
REVIEW

M. Bryan Held!, Miranda Rose Ragland?®, Sage Wood?, Amelia Pearson?, Seth Wayne
Pearson?, Olivia Chenevert!, Rachel Marie Granberg?, Robin Michelle Verble!3

1400 West 11" Street, Rolla, Missouri, USA 65409; Environmental Science Program,
Department of Biological Sciences, Missouri University of Science & Technology

2United States Department of Agriculture Forest Service

3Corresponding author, verbler@mst.edu; 1-573-341-7274

ABSTRACT

Background: Wildland firefighters are likely to experience heightened risks to
safety, health, and overall well-being as changing climates increase the frequency and
intensity of exposure to natural hazards. Working at the intersection of natural resource
management and emergency response, wildland firefighters have multidimensional
careers that often incorporate elements from disparate fields to accomplish the tasks of
suppressing and preventing wildfires. Thus, they have distinctly different job duties than
other firefighters (e.g., structural firefighters) and experience environmental health risks
that are unique to their work. We conducted a scoping review of scientific literature that
addresses wildland firefighter environmental health and analyzed geographic and

demographic trends, sample sizes, patterns in analysis, and topical themes.



Results: The majority of studies have clustered in a few highly developed
countries, and in the United States within California and Idaho. Many studies fail to
consider the impact that demographic factors may have on their results. The number of
studies published annually is increasing and themes are broadening to include social and
psychological topics; however, most authors in the field have published an average of < 3
articles.

Conclusions: We identify three areas that we believe are imminent priorities for
researchers and policymakers, including a lack of diversity in study geography and
demography, a need for more complex and interactive analyses of exposure, and
prioritization of wildland firefighters in research funding and focus.

Keywords: occupational health, mental health, performance, safety, well-being,
medical, demography, geography,

List of Abbreviations: WFF = wildland firefighters; PPE = personal protective

equipment

1. INTRODUCTION

Broadly, environmental health considers existing and potential hazards, access
and equity in provisioning care and resources, and exposure incurred in an environment
(Huber et al. 2011). As our global environment shifts with changing climates,
environmental health impacts will be inequitably distributed among professions and
geographic locations. Wildland firefighters, due to the nature of their work, are likely to

see significantly increased environmental health risks as both hazards and their exposure



increase due to the increased frequency and intensity of wildfires (Podur & Wotton
2010). Thus, wildland firefighter environmental health scientists are faced with an
imminent challenge. They must necessarily create interdisciplinary solutions, relying on
concepts from medical, occupational, environmental, and sociological fields to infer the
conditions and state of the wildland firefighting workforce; in tandem, they must also
identify the contributing factors that may promote or detract from the overall health and
well-being of said population to rapidly address these looming issues (Huby & Adams
2009, Huber et al. 2011, Brown 2013).

Wildland firefighting is often considered a subfield of a broadly or diffusely
defined field of ‘firefighting’ due to the smoke, flame, and heat exposure sustained by
workers. Firefighting is included even more broadly as part of emergency management
and disaster response, since workers in these fields are generally trained in incident
command systems and can conduct interagency work that may include performing tasks
that are not exclusive to fire suppression (e.g., traffic control and mitigation, evacuation,
establishment of safety zones and shelters, etc., VanDevanter et al. 2010, Thompson et
al. 2018). While wildland firefighters may work in emergency management periodically
and some commonalities with structural firefighting do exist, many of the occupational
and environmental exposures and hazards that WFF face are distinctly different from
other classes of emergency responders and firefighters. Here, we defined a wildland
firefighter as per Ragland et al. (in press) as a person “who is tasked with preventing,
actively suppressing, or supporting the active suppression of fires occurring in natural or
naturalized vegetation” and included such job categories as operational wildland

firefighters (e.g., engine crews, hand crews, hotshot crews, smokejumpers, rappelers), fire



prevention, fuels management specialists, fire ecologists, fire planners, wildland fire
dispatchers, fire cache managers, fire equipment operators, and fire aviation.

Wildland firefighters” work is unique in the physiological, psychological,
performance, and safety demands it imposes on its workers: 1) WFF work in natural
environments and are exposed to natural elements for extended periods of time,
sometimes multiple days; 2) They often are working in remote settings, which can mean
crews are socially isolated for prolonged periods; 3) Wildland fires are often sustained
events with unpredictable shifts in intensity occurring in rugged terrain, so the physicality
of the work requires burst energy combined with extended periods of high endurance and
high impact activity; 4) Many wildland firefighters wear significantly less PPE than
structural firefighters (e.g., minimal or no respiratory or airway protection), though they
endure sustained and prolonged smoke exposure. This combination of exposure and
physiological demands significantly alters the risk equation for injury, illness, and stress-
related impacts on mental health and social interactions (Alfano et al. 2021).

A study by the United States Bureau of Labor Statistics found that wildland firefighters
account for 25% of all firefighter fatalities despite being only about 2% of the total
firefighting workforce in the United States: This was attributed to an increased likelihood
of multi-casualty events because of a crew-based workforce (Clarke & Zak 1999).
However, from 2007 to 2016, the top three causes of wildland firefighter death included
heart attacks (24%), vehicle accidents (20%), and aircraft accidents (18%); entrapments
were the fourth most common cause of death (PMS 841 2017). Despite this, wildland
firefighter environmental health remains understudied relative to structural firefighting

and other high-risk job fields (e.g., timber cutting, mining). Here, we identify the scope of



the literature at present and gaps in knowledge within the field of wildland firefighter
environmental health (Munn et al. 2018). We focus on the geographic distribution of
studies, sample size, topical biases, trends in demographics, and experimental design to
highlight the need for more diversified work, a clearer understanding of the interactive

effects of exposure and physiology, and sustained research.

1.1. PUBLICATION ANALYSIS

We assembled literature with an exhaustive Google Scholar search using the
terms ‘wildland firefighter’, ‘wildland firefighter environmental health’, ‘wildland
firefighter health’, ‘wildland firefighter occupational health’, and ‘wildland firefighter
mental health’. We supplemented this search with known literature previously acquired
through other means. We acquired all literature in which the title or abstract explicitly
mentioned or referenced: wildland firefighters, firefighter health, safety, well-being,
recruitment, and/or retention. Papers were acquired directly from Google Scholar sources
or using the Missouri University of Science and Technology Interlibrary Loan (ILLiad)
Department when complete versions were unavailable elsewhere. Digital complete
versions of all papers were compiled in a Google drive accessible to all authors.

All citations were entered in a .CSV file with basic information (authors, year,
journal, volume, page numbers) and then binned topically. We also recorded study
location; study year; study length; total sample size; whether the study analyzed direct or
indirect effects of fire; whether the analysis considered age, gender, and ethnicity; and the
findings of the study. We defined a direct effect as one that was directly attributable to a

wildland fire or one that happened while on a wildland fire, whereas an indirect effect



may have occurred secondary to or had a wildland fire as a contributing factor in its
emergence but could not be causally linked to the fire itself. We excluded studies where
wildland firefighters were less than 5% of the total study population, non-scientific
studies (i.e., personal narratives), literature reviews, non-peer reviewed materials (except
theses and dissertations), and materials that mentioned wildland firefighters as a
motivator for the study but did not address a question directly related to WFF (i.e., Riley
et al. 2022). Topical bins were informed by a word cloud created from the titles of papers
that met the criteria for study inclusion (Fig. 1).

We identified four bins, psychological/sociological, medical, occupational/safety,
and performance, to which all studies were assigned. We assigned each paper to a single
bin that best fits its theme. Within a bin, we examined additional parameters as
appropriate. Psychological and sociological studies were those that considered the
impacts of wildland firefighting careers on mental health, mental well-being, community
and peer-to-peer interactions, sleep, and behavioral stress responses. Medical studies
were those that considered impacts of the career on physical health, physical well-being,
physiology, anatomy, and/or longevity. We considered performance studies to be those
that measured how physical, chemical, mental, or other environmental parameters
changed wildland firefighter ability to complete tasks, tests, or other job metrics.
Occupational and safety studies were defined as those that considered how worker safety,
well-being, or health influenced work outcomes. Occupational and safety studies also
included studies examining ways to increase worker safety and well-being, including
improvements to PPE. Analyses were conducted from October 2022 - January 2023 and

included literature published before January 2023.



1.2. STUDY SUMMARIES

A total of 140 papers were included in this study, within which we identified 371
total authors (Table 1). Individual authors published 1.55 papers on average (range 1 -
11). When we included only authors that had published more than one paper, the mean
number of papers per author was 2.99. The median sample size across all studies was 35
individuals (quartile: 14.5 - 114.75). Studies were conducted primarily in highly
developed countries and the western United States (Figs. 2 & 3) and focused on
operational wildland firefighters (N = 142). Overall, the annual number of publications
on WFF environmental health has steadily increased since the 1990s (Fig. 4). In addition
to narrow geographic scopes, most studies have analyzed few demographic variables
(Fig. 5). Medical and occupational studies comprised several of the articles we analyzed

(41.4% and 39.3%, respectively).

1.3. MEDICAL STUDIES

We identified 58 studies that addressed medical topics in wildland firefighter
environmental health. Of these, cardiovascular disease, and risk (N = 14, 24.1%), smoke
and pulmonary and respiratory impacts (N = 11, 19.0%), and heat exposure (N = 10,
17.2%) were the most examined subjects. Median study size was 36.5 participants
(quartile: 11.5 - 105.75), and most studies took place in North America (N = 42) and
Europe (N = 12). The longest study followed participants for three fire seasons
(approximately 3 years). Four (6.9%) studies included ethnicity in their analyses; 26
(44.8%) included age, and 19 (32.8%) included gender. Studies were most often

conducted as direct assessments of wildland fire impacts on health (N = 41, 70.7%).
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Overall, these studies attributed a suite of medical risks to WFF exposure to wood
smoke, particulate matter, ash, soil, heat, and prolonged physiological stress. Short-term
smoke inhalation effects were reported, but these effects appeared to dissipate rapidly
(Dorman & Ritz 2014, Wu et al. 2021); however, other studies found that 65% of career
WFF complain of respiratory symptoms (Swiston et al. 2008), suggesting that long-term
effects may exist, even if they are not readily apparent. Smoke exposure was also linked
to cardiopulmonary disease and chronic bronchitis (Main et al. 2020), cardiovascular
disease, stroke (Jeklin et al. 2021), and acute cardiovascular events (Hunter et al. 2014).
While few COVID data exist for WFF, acute and chronic smoke exposure and dense
crew housing may increase risk and vulnerability to infection and may make symptom-
based pulmonary diagnoses more difficult (Metz et al. 2022).

Physical injury rates on the job for WFF are 20% (Christison et al. 2021, Garcia-
Heras et al. 2022), and heat-related stress and injury risk are exacerbated by the personal
protective equipment and packs (20.5 kg +) that WFF are required to wear (Carballo-
Leyenda et al. 2019). Common injury sites include the knees, low back, and shoulders,
and 30% of all injuries are the result of a slip, trip, or fall (Moody et al. 2019). Fitness
directly impacted physiological indicators of muscle damage and short-term overuse, and
higher levels of physical fitness were an indicator of decreased risk for rhabdomyolysis
(Christison 2020).

Medical incidents are the leading direct cause of WFF death in the United States
(Butler et al. 2017), but substantial gaps exist in our understanding of both long- and
short-term medical impacts of the physiological strain, environmental exposure, and

additional risk factors incurred during wildfires and other portions of WFF careers. No
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studies consider the impacts of wildland firefighting on endocrine function, microbiomes,
digestive function and nutrition, skin infection, vision and ocular systems, fertility, long-
term neurological risks, cancer risk (except lung cancer, Navarro et al. 2019), or
reproductive health or gestation. Further, studies of WFF-specific injury recovery and
surgical outcomes are non-existent. These areas represent potential avenues of future

exploration.

1.4. PSYCHOLOGICAL & SOCIOLOGICAL STUDIES

We identified 11 studies of psychological and sociological factors in wildland
firefighter environmental health. These studies were published between 2011 and 2022
and most addressed sleep (N = 5) and post-traumatic stress disorder (N = 2). Studies were
conducted in North America (N = 6), Australia (N = 3), Europe (N = 1), and Israel (N =
1), and were generally single-survey, single-trial, or single-season events (N = 10,
90.1%). The longest study was 30 months in duration (Cherry et al. 2020). The median
sample size was 37 participants (quartile: 11 - 102). Over half of the studies utilized
surveys (N = 6, 54.5%); common techniques were interviews (N = 5, 45.5%) and
experimental trials (N = 3, 27.3%). Nine (81.8%) studies considered indirect effects of
wildland fire careers; whereas two (18.2%, both addressing sleep) directly examined
fireline effects. A single study (9.1%) considered gender and age jointly (Theleritis et al.
2020), and a single study considered age and ethnicity jointly (Leykin et al. 2013). One
study considered gender alone (Vincent et al. 2015).

Psychological studies primarily centered on maintaining cognitive performance

and either mitigating, managing, or assessing environmental factors that may precipitate
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declines via stress (Palmer 2014), sleep deprivation (e.g., Cvim et al. 2015), lack of
training and support (Cherry et al. 2021), or poor diet (Bode et al. 2022). Conspicuously
absent from many studies were considerations of mental health history or
neurodivergence, which have been demonstrated to impact WFFs’ descriptions of their
experiences in the field (Ragland et al. in press). Mental health and social support are
emerging fields of interest in WFF environmental health research, but few studies have
directly sought to understand the diverse experiences of this population through direct
interviews, surveys, or focus groups. The ones that have shown grim results: For
example, one survey found that 16% of WFF respondents have had suicidal thoughts that
were worsened by the stress of their jobs (Verble et al. 2022). As the field continues to
develop, research that values the lived experiences and authentic voices of WFF should
be the top priority. Second, we should prioritize additional work that supports WFF

mental health through intervention, training, screening, and field-based initiatives.

1.5. PERFORMANCE STUDIES

Performance studies combine medical and occupational elements to assess human
biometrics that can be related to job-specific tasks. A total of 16 WFF environmental
health performance studies were identified, conducted between 1999 - 2022. The most
common topics addressed were performance on work tests (N = 4) and rate of travel (N =
2). Most studies were conducted in North America (N = 4) and two were conducted in
Europe (N = 2, Spain). Common biometrics utilized were walking and running speed,
skin and core temperature, and body mass. Sample sizes ranged from 8 - 320 participants

with a median of 52.5 (quartile: 17 - 80.5). Fifteen studies lasted for one fire season
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(approximately 6 months) or less. One study ran for four years (Gaskill et al. 2020). Of
all topical areas, performance studies were the most likely to consider demographic
factors. Fifteen studies (93.8%) considered some combination of age and gender, together
or independently (4 both, 11 gender, 5 age); however, none considered ethnicity. Six

studies performed direct fireline measures of performance (37.5%).

1.6. OCCUPATIONAL & SAFETY STUDIES

We identified 55 studies that covered topics relating to occupational health and
safety of WFF. Studies were published between 1993 - 2022 in North America (N = 46),
Europe (N = 5), Australia and Asia (N = 3), and Latin America (N = 1). One study
(Carballo-Leyenda et al. 2022) occurred in both Europe and Latin America and is
included in the count for both regions. Themes included job-based environmental
exposure, with smoke accounting for a plurality of studies (smoke: N = 13, 23.6%; heat:
N = 3, 5.5%; other: N = 1, 1.8%), personal protective equipment (N = 7, 12.7%),
leadership and decision making (N = 6, 10.9%), fatalities and injuries (N = 6, 10.9%),
evacuation and safety zones (N = 5, 9.1%), communication (N = 4, 7.3%), training (N =
4, 7.3%), gender (N = 3, 5.5%), and impacts of the job on task performance (N = 2,
3.6%). A total of 37 (67.3%) studies included human participants; the mean number of
participants per study was 31 (quartile: 15 - 245).

Study length varied widely by methodology. The longest study retrospectively
analyzed 70 years of fatality data (Cardil et al. 2017) and the shortest observed wildland
firefighters on an active wildfire for 4 six-hour shifts (Phillips et al. 2015). The majority

of studies observed direct effects of fire (N = 37, 67.3%). Few studies accounted for age
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(N =10, 18.2%), gender (N = 12, 21.8%) or ethnicity (N = 1, 1.8%) in their analyses.
While many studies included human subjects, less than half included survey responses of
participant experiences (N = 21, 38.2%). All studies focused on operational wildland
firefighters’ working environments.

Occupational studies often cited a lack of sufficient training for and use of safety
equipment (e.g., hearing protection, Broyles et al. 2019), high rates of job-related
environmental exposure to pollutants (e.g., Adetona et al. 2017), gender disparity
(Reimer 2017), and a need for improved psycho-social support systems (e.g., Leduc
2020) as key priorities for improvements to the field. While safety is often considered in
the context of operations and protective gear (e.g., McQuerry & Easter 2022), less work
has been done to assess cultural and social aspects of safety and well-being in

occupational settings, and this is also an important line of future research.

1.7. CRITICAL GAPS IN KNOWLEDGE

Our review identifies three emergent themes — 1) a lack of geographic and
demographic diversity, 2) limited knowledge of the interaction between physiological
factors and the natural environment, and 3) a broad need for prioritization of WFF
interests in research. Addressing these themes will represent improvements toward
enhancing the comprehensivity, inclusivity, applicability, and relevance of future
research and help advance the state of the field.

Multiscale geographic diversity is essential to fully encompass the heterogeneity
of landscapes, ecosystems, and wildland firefighters that exist. To date, wildland

firefighter environmental health has been completely unstudied in significant portions of
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the globe where fires are most widespread and deadly (Figs. 2 & 3). Fireline hazards,
smoke composition, interpersonal interactions, and pre-existing medical risks will vary
among localities and populations: Neglecting to consider these differences leaves a
substantial portion of the world’s WFF without access to quality environmental health
data and unable to make informed decisions to protect themselves from unnecessary
exposures. For example, Wu et al. found that wildland firefighters in the midwestern
United States who worked on prescribed burns have a higher incidence of urinary
mutagenicity and systemic oxidative changes associated with smoke exposure than WFF
in other areas of the country (2020), highlighting the importance of geographic diversity
of studies.

Further, wildland firefighting strategies and wildland firefighter demographics
vary significantly across geographic regions. Our review suggests that studies that
consider the impacts of gender, age, ethnicity, and other demographic variables on
environmental health are far too uncommon. Environmental justice research has
repeatedly demonstrated that the effects of environmental inequities are
disproportionately born by minority groups (e.g., Bullard & Wright 1993, McGregor et
al. 2020), and work by Verble et al. found similar results for wildland firefighters: Non-
white wildland firefighters were more likely to experience injury or illness on the fireline
than white WFF (2022). Further, variables such as sexual orientation, veteran status, and
mental health status have also been shown to impact how WFF characterize their work
experiences (Ragland et al. in press). By neglecting to consider these and other likely
important demographic and socioeconomic data, important patterns and contributing

factors to environmental health risk are likely being obscured.
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The current state of WFF environmental health literature almost exclusively
considers operational wildland firefighters (except Palmer 2014). While operational
wildland firefighters are the most conspicuous members of the enterprise, wildland
firefighting consists of an interconnected web of actors, each contributing to the success
of suppression efforts through their roles. Wildland firefighters include people working in
wildland fire dispatch, logistics, radio operations, incident command, aviation, supply
cache management, and fuels management, among others. Some of these WFF may not
experience heat or smoke exposure, but they experience many other high-stress and
demanding elements of the wildland fire environment, including trauma, sleep
deprivation, driving and transportation hazards, interpersonal interactions, and others.
Further studies are needed to understand the impacts of the work environment on their
health and well-being.

Additionally, the field has a deficient understanding of the relationship between
physiological and physical parameters of WFF work and exposure. As wildland
firefighters work harder in smokier conditions, their ventilation rate increases, which
likely increases the amount of exposure to airborne particulate matter and smoke.
Likewise, not all positions on a fireline experience the same amount of smoke, and this is
largely governed by terrain and atmospheric conditions. Reinhardt and Ottar linked
smoke exposure to fireline position, fire type (prescribed fires yielded more exposure),
task, and weather (2004); however, they stopped short of incorporating WFF
physiological measurements such as heart rate and ventilation rate into their study. We

could identify no studies that included the combination of physiology, local geography,
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and exposure; however, synthesizing these variables will further resolve our
understanding of fireline risk and inform future fire management and decision-making.

Since 2009, the United States National Institutes of Health has funded less than $2
million in research that directly and primarily examined wildland firefighter
environmental health (NIH RePORT 2022). In 2022, the United States Congress and
President Joe Biden passed and signed legislation aimed at improving wildfire response
and wildland firefighter working conditions (H.R. 4274 2021-2022). While a portion of
those funds ($103 million) was set aside for WFF health and wellbeing programs, no
portion was specifically designated for research in those topics. Increasing focused and
dedicated research efforts requires the commitment of both researchers and government
agencies: Our study found that researchers often pursued topics long enough to publish 1
- 3 papers, suggesting that funding may be a significant limiter in their ability to sustain
research in this arena. This means that researcher attrition may be driving a lack of deep
exploration in the field, leaving critical gaps in knowledge and unaddressed needs for the
WFF population. The scope of the current WFF environmental health literature reveals a
dire need for more research into the psychological, physical, occupational, and overall
health, well-being, and safety of a workforce tasked with defending communities,

protecting natural resources, and preventing future wildfires.
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Table 1. Works included in the scoping analysis by topical bin.

Topical Bin | Relevant Citations

Medical Abreu et al. 2017, Adetona et al. 2011, Adetona et al. 2013, Adetona
2016, Adetona al. 2017, Betchley et al. 1997, Britton et al. 2013, Broyles
et al. 2017, Carballo-Leyanda et al. 2018, Cherry et al. 2022, Christison et
al. 2021, Christison 2015, Christison et al. 2021a, Collins 2018, Cuddy et
al. 2015, Cuddy & Ruby 2011, Domitrovich 2011, Dorman & Ritz 2014,
Ferguson et al. 2016, Ferguson et al. 2017, Ferreira Saint Martin &
Rosenkranz 2018, Garcia-Heras et al. 2022, Gaugh et al. 2014, Gaugh et
al. 2014a, Gurney et al. 2021, Gurney et al. 2021a, Hunter et al. 2014,
Jacquin et al. 2011, Jeklin et al. 2021, Main et al. 2020, Metz et al. 2022,
Miranda et al. 2012, Moody et al. 2019, Navarro et al. 2019, Navarro et
al. 2021, Nelson et al. 2020, Niyatiwatchanchai et al. 2022, Oliveira et al.
2016, Oliveira et al. 2020, Pelletier et al. 2022, Pryoer & Suyama 2015,
Ramos & Minghelli 2011, Reinhardt & Ottmar 2004, Robertson et al.
2017, Rodriguez-Marroyo et al. 2022, Ruby et al. 2003, Ruby et al.
2003a, Semmens et al. 2016, Slaughter et al. 2004, Smith et al. 2013, Sol
et al. 2018, Swiston et al. 2008, Vincent et al. 2017, Watkins et al. 2012,
Wolfe et al. 2012, Wolkow et al. 2015, Wu et al. 2020, Wu et al. 2021

Occupational | Nelson et al. 2020, Robinson et al. 2008, Materna et al. 1993, Roberts

Health & 2002, Taylor et al. 2007, Fryer 2012, Fryer et al. 2013, Page & Butler

Safety 2018, Laws et al. 2020, Hummel et al. 2020, Sun et al. 2000, Yoo et al.

2000, Materna et al. 2010, Navarro et al. 2017, Campbell et al. 2017,
Rosie et al. 2022, Lewis & Ebbeck 2014, Gabor 2015, Bellingar 1994,
Butler & Cohen 1998, Domitrovich 2011, Pena Cueto 2018, Bridget et al.
2018, Wu et al. 2020, Wu et al. 2021, Adeton et al. 2012, Adetona et al.
2017, Burbank 2016, Rose 2019, Waldron & Ebbeck 2015, McDonald &
Shadow 2003, Miranda 2010, Phillips et al. 2012, Amster et al. 2013,
Britton et al. 2013, Gordon & Lariviere 2014, Phillips et al. 2015,
Waldron et al. 2015, Cardil et al. 2017, Fox et al. 2017, Reimer 2017,
Reimer & Eriksen 2018, Belval et al. 2018, Collins 2018, Broyles et al.
2019,
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Table 1. Works included in the scoping analysis by topical bin (cont.).

Page et al. 2019, Carballo-Leyenda et al. 2019, Reinhardt 2019, Bayham
et al. 2020, Nagavalli et al. 2020, Leduc 2020, Semmens et al. 2021,
Navarro et al. 2021, Carballo-Leyenda et al. 2021, Carballo-Leyenda et
al. 2022, Mcquerry & Easter 2022

Performance | Carballo-Leyenda et al. 2021, Ruby et al. 2022, Domitrovich 2011,
Sullivan 2020, Campbell et al. 2017, Sullivan et al. 2020, Sharkey 1999,
Phillips et al. 2018, Ruby 1999, Lui et al. 2014, Strang 2018, Gumieniak
et al. 2018, Gaskill et al. 2020, Leduc et al. 2022,

DenHartog et al. 2016 Gumieniak et al. 2018, Gaskill et al. 2020, Leduc
et al. 2022, DenHartog et al. 2016

Psychological | Cvim et al. 2015, Williams-Bell et al. 2017, Vincent et al. 2015, McGillis
& Sociological | et al. 2017, Cherry et al. 2021, Theleritis et al. 2020, Leykin et al. 2013,
Palmer 2014, Palmer et al. 2011, Bode et al. 2022, Collins 2018
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Figure 1. Word cloud of publication titles that were analyzed for this study. Word size
relates to frequency of occurrence. Themes related to traditional wildland fire values of
performance, exposure, suppression, occupational health, and safety emerged as the most
frequently used words. Culture, monitoring, comparison, training, methods,
communication, and practices were much less frequently used in titles. Other important
factors in environmental health such as well-being, mental health, co-worker interactions,
demographic factors, and social support systems are absent.
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Figure 2. The United States’s distribution of wildland fire environmental health studies

does not match the distribution of wildland fires or wildland fire fatalities, suggesting

there is a need for a broader geographic distribution of study areas.
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Figure 3. Studies of wildland firefighter environmental health are geographically

scattered and are not occurring in areas that receive the highest amount of wildfire.
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Figure 4. The total number of studies published annual increased since the first studies on
WFF were published. X = year. Y = number of studies published annually.
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by topical bin. “All studies” is a category where the data are summated for all topical bins
to allow visualization of trends in the entire set. Y axis = percentage of studies including
a demographic variable of interest in their analysis. X axis = categorical variables (topical
bins).
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Il. RELATIONSHIPS BETWEEN WORKLOAD AND ERRORS IN WILDLAND
FIRE DISPATCHERS

ABSTRACT

Workload and errors in the workplace are critical factors affecting productivity,
safety, and outcomes across various industries. This study focuses on wildland fire
dispatchers, examining workload metrics and error rates at the Missouri lowa Interagency
Dispatch Center (USMOMOC) in Rolla, Missouri, USA. Utilizing data from WildCAD
reports spanning 2022 and 2023, we analyzed dispatch activities, error types, and
workload parameters. Workload metrics encompassed resources managed, acreage
affected, law enforcement involvement, private assists, and other operational demands.
Errors were categorized based on added, omitted, transposed, unclear, and indecipherable
information, among others. Through rigorous analysis, the study aimed to define
workload measures, quantify error frequency and types, and explore the relationship
between workload and error occurrences. We found that levels of workloads and errors
both follow seasonal patterns, and more workload relates to more errors. This study
provides valuable insights into the challenges faced by wildland fire dispatchers and offer

opportunities for enhancing safety and efficiency in wildland fire incident management.

1. INTRODUCTION

The relationship between workload and error is a fundamental aspect of human

performance across professional environments. Workload refers to the amount of work or
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tasks that an individual, group, or system is expected to perform within a specific period
and relates to the amount of mental and physical effort required to accomplish a task
(Andrejko-Gworek, 2020). Its measurement encompasses the total amount of work,
including responsibilities, assignments, or projects, that must be completed. Increased
growth of research firmly evidences the key position that a balanced workload plays in
avoiding cognitive overload and sustaining minimum performance. Kruger (2008)
suggests that equitable assessments and distribution of tasks in high-paced environments
can help reduce the occurrence of work error in such settings because sharing the
demands ensures that an individual will not be overworked should be done. Workload
can vary significantly in terms of its nature and complexity, and it is often used to assess
and manage the capacity and performance of individuals or resources within an
organization (Singh et al., 2022). Workload can be measured in various ways, such as the
number of tasks, the volume of work, the level of effort required, or the time it takes to
complete specific tasks. The research by Schulman (2020) reveals the link between
stressful working conditions and errors and undermines the common notions that
interruptions and high productivity are the main causes of mistakes in high-stakes
environments. Workload management is crucial in various fields, including business,
education, healthcare, and information technology, as it helps ensure that tasks are
allocated efficiently, deadlines are met, and individuals or systems are not overburdened,
which can lead to stress and decreased productivity.

Errors in the workplace are unintended mistakes or inaccuracies that occur in
various tasks, processes, or decision-making within an organizational setting that result in

deviations from intended or desired outcomes. They can manifest in different forms, such
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as computational errors, miscommunication, procedural mistakes, or faulty judgment.
These errors can lead to setbacks, financial losses, compromised quality, or hindered
productivity. In the context of a competitive and fast-paced work environment, errors can
have detrimental effects on the organization's reputation and success. They can also
impact employee morale and trust within the workplace, potentially causing stress and a
decline in overall efficiency. According to Hancock and Matthews (2019), errors damage
not only immediate operational outcomes but have long-term effects on organizational
learning and adaptation, therefore they affect the future resilience of the organization. An
essential aspect of comprehending errors in the workplace is to understand their
categorization. Errors can be classified into various types, such as human errors, technical
errors, systemic errors, and random errors. Human errors result from actions made by
individuals, including mistakes in judgment, perception, or memory. Technical errors
stem from faults in equipment, software, or tools. Systemic errors reflect issues within the
organizational structure or processes that lead to mistakes. Random errors are more
unpredictable and can occur sporadically due to unforeseen circumstances. By
classifying errors, organizations can identify patterns, root causes, and implement
effective preventive measures to reduce their occurrence and impact in the future.
Figuring out error types helps organizations to come up with the right strategies on the
spot. This is an important thing as by doing this, organizations see their success rate
increase (Patel & Kaufman 2021). Every kind of error needs a different type of
management action, which may vary from short practice improvement to a structural

change, to eliminate the errors' incidence and influence.
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The relationship between workload and error is dynamic and multifaceted,
influenced by various factors including task complexity, time pressure, environmental
conditions, individual characteristics, and organizational factors. High-stress situations,
time constraints, and multitasking demands can amplify workload levels, heightening the
likelihood of errors and impairing performance accuracy. Moreover, individual
differences in cognitive abilities, experience levels, and stress tolerance can modulate the
impact of workload on error susceptibility, highlighting the importance of personalized
approaches to workload management and error prevention. In addition to individual
factors, organizational and systemic aspects play a pivotal role in shaping the workload-
error relationship. A study by Grailey et al. (2021) demonstrates how team dynamics and
psychological safety aspects are some of the critical ones when it comes to the translation
of workload pressures into increased error rates. The researcher posits that supportive
team environments might mitigate the negative effects of high workloads. Organizational
culture, resource allocation, training protocols, and work environment design can either
mitigate or exacerbate workload demands and error rates. Effective workload
management strategies, such as workload distribution, task prioritization, automation
support, and adequate rest periods, are essential for optimizing performance while
minimizing error risks across diverse operational contexts.

Increased occupational workload can significantly affect workers both physically
and mentally, ultimately raising the likelihood of errors, as noted by Hancock & Warm
(1989). The impact of heavier workloads varies based on individual physiological
capacities and the nature and duration of tasks. According to Ellison and Caudill (2020),

demand-control model highlights that matching job demands with loss of control at work
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can worsen the effect of workload, thus increasing the level of stress and the risk of
errors. Research has indicated that higher workloads influence language use (Sexton &
Helmreich, 2000), error rates (Raab & Grzybicki, 2006; Hart & Bortolussi, 1984), and
stress perception (Morrison & Rudolph, 2006). Additionally, studies such as those by
Chillarege & lyer (1985) demonstrate that error rates may increase non-linearly with
workload increases, indicating a critical threshold. Beyond this point, communication
breakdowns and fatigue could significantly contribute to more frequent errors (Morrison
& Rudolph, 2011).

Longer working hours are associated with an increased risk of errors. One study
found that employees working more than 55 hours per week were at a significantly higher
risk of making errors compared to those working 35-40 hours per week (Virtanen et al.,
2015). This increase in errors is often attributed to the cumulative impact of long working
hours on mental and physical fatigue. In addition, prolonged exposure to high work
demands and long hours can result in chronic stress, which can impair cognitive functions
and decision-making abilities. Chronic stress can lead to cognitive decline and increase
the risk of error (Sindi et al. 2017). Furthermore, sleep deprivation due to extended work
hours can lead to decreased alertness, impaired decision-making, and reduced overall
performance, all of which increase the likelihood of errors (National Sleep Foundation,
n.d.).

Errors in the workplace involve actions or decisions that deviate from established
standards, expectations, or desired outcomes. According to James Reason's "Swiss
Cheese Model," errors are often viewed as the result of multiple failures or holes aligning

within a system, allowing an error to occur. These failures might include organizational,
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procedural, or human-related aspects, illustrating how errors can be a product of systemic
issues rather than individual faults. Moreover, errors are not necessarily synonymous
with negligence; they can result from genuine oversight, misjudgment, or lack of
adequate resources or training. The interpretation of errors often relies on the deviation
from predefined norms, best practices, or predefined guidelines, which are set to ensure
optimal performance and prevent avoidable mistakes. Proportional logic cannot be
applied to these systems and the likelihood of error, as the dynamic interplay in such a
tightly coupled system means that environment, physiological state, and workload
interact in non-intuitive ways (Morrison & Rudolph 2011). In Rudolph & Repenning’s
(2011) model of accidents and errors, they assume that 1- an organization faces a stream
of varying non-novel unanticipated events, external to the individual workers, that may
temporarily prevent completion of predicted actions; 2- that the organization has an
appropriate response in its existing collective knowledge for the unanticipated events;
and 3- the unanticipated event must be solved for perpetuation of the organizational
mission. While this model does not include worker state (i.e., fatigue, cognitive
performance, overall stress and mood), it does provide a basis for isolating workload
variables that may increase the likelihood of errors.

Errors can have large consequences for the safety and outcomes of emergency and
critical incidents. Across all careers, human factors account for 70-80% of all accidents
(Ryerson & Whitlock 2005). Major disasters often have disproportionately smaller initial
causes but can trigger cascading effects and breakdowns that increase the magnitude of
disastrous effect (Morrison & Rudolph 2011). For example, incidents in aviation safety

(Reason 1990), emergency and trauma medicine (Pham 2012), and incident response
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(Weick 2007) have been attributed to initially small errors that cascade into much larger
effects. However, in wildland fire, information about the human decisions that may have
caused the accident is usually limited. Ryerson and Whitlock (2005) suggest that this may
be due to the unavailability of direct observations or measurements, fear of blaming
victims, investigators lacking tools, and operational focus in wildland fire culture (2005).
McDonald & Shadow (2003) also discovered that, although generally supportive of
safety standards, wildland firefighters often show reluctance toward their
implementation. During the Dutch Creek Fire, communication was identified as a key

point of failure in averting a tragedy incident (Gabor 2015).

2. MATERIALS AND METHODS

2.1. STUDY POPULATION

Our study examines workload and error rates in United States Department of
Agriculture Forest Service (USFS) wildland fire dispatchers. Wildland fire dispatchers
play a keystone role in effective communication during wildland fire operations, relaying
information among physically disparate crews, to and from leadership, and with the
public. Dispatchers help ensure a swift and organized reaction to protect lives, property,
and natural resources during a wildland fire incident. Wildland firefighters perform duties
such as emergency response coordination, resource allocation, incident information
curation and management, communication networking, public information transfer,
weather monitoring, logistics support, resource ordering and tracking, and personnel

safety (i.e., crew check-in, check-out; United States Forest Service 2023). Recent
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analyses have found that wildland fire dispatcher centers may be overworked (Duval &
Thompson 2023). Multiple surveys and press articles also suggest they are egregiously
understaffed. Data from a 2023 survey (Watson et al. unpublished) found that wildland

fire dispatchers feel overworked, underappreciated, and have high stress levels.

2.2. GOALS AND OBJECTIVES

Despite their important role in wildland fire management, the work of wildland
fire dispatchers has not been reported in scientific literature. Further, factors that may
contribute to error are unknown. Understanding these factors may help improve the
overall safety and outcomes of wildland fire incidents. Our specific goals are to define
and quantify measures of workload in wildland fire dispatchers, describe and quantify

error type and frequency, and to analyze relationships between workload and error.

2.3. DATA COLLECTION

The study examined wildland fire dispatchers at the Missouri lowa Interagency
Dispatch Center (USMOMOC) located in Rolla, Missouri, USA. USMOMOC is
responsible for dispatching resources across a geographical area encompassing parts of
Missouri and lowa (Fig. 1). We collected dispatcher demographic data and employment
data, including gender, worker status (permanent center employee, temporary center
employee), and daily number of hours worked, but chose to exclude many variables from
analysis to protect participant anonymity. This project was approved by the University of

Missouri Institutional Research Board Permit No. 2095791.
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Data for the study were gathered from WildCAD reports from January-December
2022 and February -April and October-December 2023. WildCAD is a computer-aided
dispatch system utilized by wildland fire agencies nationwide, wherein dispatchers
document the movements, work details, and actions of operational team members within
their designated zones (DOI 2023). WildCAD reports are initiated for any operational
activity necessitating documentation by dispatchers. Initial error coding was performed
by senior researchers in consultation with wildland fire dispatchers. Review of initial
error coding was made by a minimum of two researchers. Once coding procedures were
established, additional reports were coded by a minimum of two trained technicians
employing the following operational definitions: When an error was identified, it was
recorded in a database. Errors were recorded per dispatcher per day and then summated

for the entire dispatcher center per day.

2.4. DATA ANALYSIS

We compared individual and summated workload variables and error variables to
determine the relationship among them. We used multivariate correlations to examine
relationships between workload and error terms and a principal component analysis to
reduce data dimensionality for both workload and error variables and visualize
relationships.

We compared differences among individual dispatchers using one-way analyses
of variance and Tukey multiple comparison tests (ANOVAs, alpha = 0.05). We compared
differences in daily mean individual errors and daily mean center errors by month and

dispatcher employment status (temporary and full-time resident) using two-way
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ANOVAs where month and employment status were the independent variables and mean

error was the dependent variable (alpha = 0.05).

3. RESULTS

We examined a total of 449 incident reports recorded from 2022 — 2023 by 25
individual dispatchers at the USMOMOC. We identified 330 errors throughout the study

period.

3.1. WORKLOAD
Total number of resources managed by dispatchers varied among months and was

highest in March (Fig. 4, p < 0.0001).

3.2. ERRORS

Individual and daily center errors peak in March and followed similar seasonal
trends to one another throughout the year (Fig. 2). There were no differences in
individual errors among dispatchers (p = 0.4675). There were no differences in individual
errors between temporary (mean = 0.82, SE = 0.181) and full time (mean = 0.65, SE =
0.010) dispatchers (Fig. 3, p = 0.8129). There were a mean 1.6 daily errors per day on
days when the center was staffed exclusively with full-time resident employees; when
temporary employees worked at the center, daily errors increased to 3.5 (Fig. 3, p <

0.0001).
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3.3. RELATIONSHIPS BETWEEN WORKLOAD AND ERRORS
A non-linear (exponential) curve best modeled the relationship between hours
worked (x) and individual errors (y, R2 = 0.26; Fig. 5). Total incidents managed was the

workload variable that best correlated with individual errors (R2 = 0.31, P < 0.001).

4. DISCUSSION

This study is the first to characterize and describe workload and error rates in
wildland fire dispatchers. The workload variable that best correlated with error was ‘total
incidents managed’ with errors increasing with the total number of incidents being
managed. This suggests that multitasking tradeoffs and attention breadth may play
important roles in generating errors. The nature of this study lies in its focus on wildland
fire dispatchers, a group whose workload and error rates have previously been
underexplored within the realm of emergency response research. Until now, much of the
literature has concentrated on urban emergency dispatch settings, overlooking the unique
challenges posed by wildland firefighting scenarios. The finding that 'total incidents
managed' is the workload variable most closely associated with error underscores a
significant departure from the often-generic metrics used in other contexts, emphasizing
the complexity and unpredictability inherent in wildland fire management. The research
by Black et al. (2020) points out the distinctive problems in wildland fire management.
The authors stress herein that wildland fire contradicts vastly with urban fire in terms of

the complexity of the burning process in the natural environment as well as the
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uncertainty and idiosyncrasies of the fire which elevate logistics and decision-making
process.

Further supporting the critical role of multitasking and attention breadth in error
generation, Liu et al. (n.d.) highlight the cognitive limitations humans face when
required to manage multiple tasks simultaneously. Their work suggests that as the
number of incidents a dispatcher must manage increases, the ability to maintain focus and
make accurate decisions decreases, a concept known as "cognitive load theory." This
theory posits that there is a finite number of cognitive resources available for tasks such
as memory, problem-solving, and attention (Kadir et al. 2021). When these resources are
overtaxed by attempting to manage too many incidents at once, the likelihood of errors
escalates, which is particularly perilous in high-stakes environments like wildland
firefighting.

The implications of this study's findings are far-reaching, offering a vital insight
into how emergency dispatch systems could be optimized to minimize errors. For
instance, technological interventions, such as artificial intelligence (Al) and machine
learning algorithms, could be developed to assist dispatchers in prioritizing incidents
based on urgency and complexity, thereby reducing the cognitive load and potential for
error (Bulikhov 2022; Kadir et al. 2021). This approach not only supports the dispatcher's
decision-making process but also enhances the overall efficiency and effectiveness of
wildland firefighting efforts.

The findings of this study elucidate the nuanced relationship between workload
and error rates among wildland fire dispatchers, underscoring a critical concern for

emergency management infrastructure. The exponential increase in errors relative to
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workload intensity highlights a systemic vulnerability in the wildland fire response
framework, where the margin for error narrows as operational demands escalate. This
relationship between workload and errors is reflective of broader trends observed across
high-stakes industries such as aviation, healthcare, and nuclear power, where the
consequences of errors can be catastrophic. Similar to the "Swiss Cheese” model
proposed by Reason (1990), our findings suggest that errors in wildland fire dispatching
are not isolated incidents but rather the culmination of systemic vulnerabilities, including
understaffing, inadequate training, and cognitive overload among dispatchers. Moreover,
the non-linear relationship between workload and errors aligns with theories of human
performance and cognitive load (Sigwalt et al. 2020), indicating that there is a threshold
beyond which additional workload does not just linearly increase error rates but does so
exponentially. This is particularly concerning given the seasonal nature of wildland fires
and the potential for sudden spikes in demand on dispatch centers (Binci & Scafarto
2019). Our research also sheds light on the differential impact of temporary versus full-
time staffing on error rates. This finding suggests that the integration of temporary staff,
while necessary during peak periods, requires targeted strategies to mitigate associated
risks, such as comprehensive training and enhanced support systems.

The implications of our study extend beyond the immediate context of wildland
fire dispatching to inform broader discussions on emergency management, human factors
engineering, and organizational behavior. Future research should explore the
effectiveness of various workload management strategies, such as the implementation of
advanced technology, decision-support systems, and adaptive staffing models in

mitigating error rates. Additionally, longitudinal studies could provide deeper insights
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into the long-term impacts of workload fluctuations on dispatcher well-being and
operational efficiency (Langer et al. 2021). Investigating the role of organizational
culture and leadership in fostering a safety-oriented environment could also yield
valuable insights. An organizational culture that prioritizes safety, encourages open
communication about errors, and supports continuous learning and improvement could be

key in mitigating the impacts of high workloads.
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Table 1. Operating definitions for error terms used in this study.
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Term

Definition

Entry Disparity

Discrepancies in dates, times, or acreage suggesting

later additions.

Added extra information

Duplication of information within the report

Omitted required

information

Missing information, such as unrecorded resource

releases

Transposed information

Input error resulting in recognizable but inaccurate data

Unclear

Vague statements not readily decipherable

Indecipherable

Information not understandable, including misused

acronyms or text-to-speak

Missing information

Omitted essential details

Not closed

Incident left unresolved

Contradicting information

Conflicting data within the report

Operational field error

Incorrectly input or changed GPS coordinates

Strike error

Information struck from the report by dispatchers
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Table 1. Operating definitions for error terms used in this study (cont).

Term

Definition

Resources Managed

Total number of resources relayed, assigned, or dispatched
during an incident, including crews, engines, and single

resources

Total Acreage

Total amount of acreage burned during an incident.

Prescribed Fire

Fires planned by USFS or in conjunction with USFS.

Wildfire

Fires originating on lands protected by, owned by or
managed by the USFS but unplanned by USFS

Structures Involved

Any manmade object involved in the fire

LEOs Involved or
notified

Involvement or notification of law enforcement officers;

not counted in resources managed

Local/Rural Firefighters

Involvement of local or rural firefighters

Private Property/Assist

Fire occurrence on private property or non-USFS land

Resource Order

Requisitioning of resources

False Alarm Reports encompassing situations not requiring USFS
intervention

Smoke Check Deployment of resources to verify potential fire incidents
based on detected smoke

Flight Follow Tracking of aircraft paths by dispatchers

Incidents Managed

A numeric measurement of WildCad incidents initiated by
a dispatcher during a time span
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Table 2. Comparison of mean daily errors among months by individual dispatcher and
dispatch center using Tukey HSD multiple comparison tests. Months connected by letters
are not significantly different. Values listed are mean daily errors.

Month Individual Dispatch
Dispatcher Center
January 0.45 ABC 0.73 A
February | 0.44 ABC 1.17B
March 1.25A 413 B
April 1.00 AB 2.06 BC
May 0.19 ABC 0.31 BCD
June 0.17 ABC 0.17 BCD
July 0.13BC 0.23CD
August 0.01 BC 0.01 CD
September | 0.02 BC 0.03CD
October 0.01C 0.01D
November | 0.41BC 1.83D
December | 0.56 ABC 1.59CD
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Table 3. Correlation matrix of workload and error variables. Highlighted values have p <

0.05. Green highlights represent significant correlations between workload variables.
Blue highlights represent significant correlation between error variables. Peach highlights

represent significant correlations between error and workload variables.
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Table 4. Error terms used in results section of this paper.

Term Definition

Center errors Mean of all errors for all dispatchers working at a dispatch

center on a given date

Dispatcher errors Total errors made by an individual dispatcher on a given date

or mean among pooled dispatcher groups

iami
Gulf of 4
Mexico
MEXICO QHavana

Figure 1. Boundaries of MOMOC in lighter shade of blue relative to rest of United
States as defined by the National Interagency Fire Center national dispatch boundaries
map, available at: https://data-
nifc.opendata.arcgis.com/maps/edit?content=nifc%3A%3Anational-dispatch-boundaries.
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Figure 2. Blue = Mean daily individual dispatcher errors (y) by month (x) F =5.4214 P <
0.001. DF = 11. Red = Mean daily center errors by month. F =14.7236 P = 0.0001. DF =
11. Bars represent standard error.
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Figure 3. (a) Mean total daily individual errors (y) do not differ by employment status
(x). F=0.0561, p = 0.8129. DF = 1; however, the center as a whole makes more errors
when temporary employees are present, versus exclusively full-time employees (3b). F =
14.7236. P < 0.0001. DF = 1. Bars represent standard error.
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Figure 4. Mean number of resources managed per individual dispatcher for the center
differs among months and is highest in March. F = 22.61. P <0.0001 DF = 11. Bars
represent standard error.
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Figure 5. Total daily errors per dispatcher (y) by hours worked (x). Wald =0.58. P =
0.4460.
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SECTION

2. CONCLUSIONS

In conclusion, this thesis has articulated the complex interplay between
environmental health and workload pressures experienced by wildland fire personnel,
underpinning the urgency for a cohesive response from government bodies, healthcare
systems, and workplace safety regulators. The evidence presented within these pages
highlights a stark reality: wildland fire personnel are subjected to extreme stresses that
demand comprehensive support strategies.

Firstly, the necessity for increased government funding for research cannot be
overstated. Our understanding of the multifaceted challenges faced by these workers
remains incomplete. Enhanced funding would enable a broader scope of studies,
encompassing diverse geographic and demographic areas and employing sophisticated
analytical methods. This approach is vital not only for filling the existing knowledge gaps
but also for pioneering innovations in fire management and safety protocols.

Moreover, the health care needs of wildland fire personnel warrant immediate and
focused attention. The prolonged exposure to hazardous environments documented in this
dissertation calls for a healthcare framework specifically tailored to address both the
acute and long-term health ramifications. This includes not only physical but also
psychological support, recognizing the intense mental strain associated with this line of

work.
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Furthermore, the improvement of working conditions is essential for safeguarding
the well-being of these professionals. Our findings advocate for enhanced training
programs, better personal protective equipment, and the implementation of stringent
safety standards. Such measures would not only reduce the incidence of workplace
injuries and fatalities but also foster a safer and more efficient operational environment.
In essence, the support for wildland fire personnel must be comprehensive and
multifaceted, reflecting the complexity of the challenges they face. It is imperative that
these changes be driven by a concerted effort from all stakeholders involved, ensuring
that the brave individuals on the front lines are equipped, protected, and supported as they

undertake their critical roles in protecting our communities and natural landscapes.
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