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EXECUTIVE
SUMMARY
WILDLAND FIREFIGHTING IS CONSIDERED one of the most dangerous and stressful 

jobs in the US. Already there is a significant history of research effort in firefighter health 

and safety aimed at helping to reduce fatalities, near misses, and injuries. The objective 

of the current project has been to contribute to that effort by way of an exploratory 

analysis of potential trends in fatality incidents related to weather/climate or fire 

behavior, motivated by the widespread increase in wildfire activity throughout much 

of the US. The following report provides a summary of that project, which is based on 

a qualitative analysis of the causal and contributing factors cited in 26 fatality incident 

reports wherein weather/climate or fire behavior were among the factors listed. The 

reports were sampled from the Wildland Fire Lessons Learned Center Incident Review 

Database, across the last three decades (1986–1996, 1997–2007, and 2008-2018). A 

grounded theory approach was used to analyze the data (i.e., causal and contributing 

factors). Findings from that analysis include: 1) the most frequent causal factors were 

related to management, fire behavior, and weather; 2) the most frequent contributing 

factors were related to management, communication, and topography; and 3) there were 

no consistent, marked trends of increase or decrease in the frequencies of causal 

or contributing factors across the three decades. There were, however, important 

limitations* that made difficult the identification of potential trends in fatality incidents 

in this study, those being:  1) lack of standardization in data collection and reporting in 

fatality incident reports over time; 2) complexity of fatality incidents involving numerous 

human and environmental variables; and 3) relatively small sample size. Based on the 

above findings and limitations, we offer a series of recommendations to help facilitate 

future research into potential trends in fatality incidents related to weather/climate, fire 

behavior, and/or other variables of interest.

*  Please note that this study is meant only to be exploratory and not conclusive. Therefore, any use of this 

report outside of or without acknowledgment of the above-mentioned limitations risks mischaracterization 

of potential trends or lack thereof in wildland firefighter fatality incidents related to weather/climate or 

fire behavior. For this reason, if the report is to be used in any way, it is important that it be done with full 

acknowledgment of those limitations.



1.  INTRODUCTION
WILDLAND FIREFIGHTING IS REGARDED as one of the most dangerous 

and stressful jobs in the US (Kunadharaju et al. 2010). Each year there 

are more than 100 line-of-duty deaths and 80,000 injuries among the 

country’s roughly 1.1 million career and volunteer firefighters (Butler et 

al. 2017; Kunadharaju et al. 2010). Between 1990 and 2016, there were 

480 firefighter fatalities during wildland fire operations specifically (NWCG 

2017). These fatalities occurred across agencies, including the US Forest 

Service (USFS) which employs 10,000 wildland firefighters (NWCG 2017; 

USFS n.d.). Researchers have long studied wildland firefighter health and 

safety in an effort to help reduce fatalities, near misses, and injuries (e.g., 

Barrows 1951) (Page et al. 2019). Findings from that effort have informed 

safety recommendations, policies, and guidelines that are used by wildland 

firefighting agencies today (see Page et al. 2019). Additionally, multiple 

agencies publish fatality reports in at least five different databases for the 

purpose of collecting accurate and timely information to improve wildland 

firefighter health and safety (Butler et al. 2017). 

One of those databases, the Wildland Fire Lessons Learned Center 

(WFLCC) Incident Review Database (IRD), was established in 2002 with 

the mission “to promote learning in the wildland fire service by providing 

useful and relevant services that help to reveal the complexity and risk 

in the wildland fire environment” (WFLLC n.d.). Many well documented 

near misses and fatality incidents can be found in the IRD, yet currently 

there is a lack of synthesis and assessment of general trends and resulting 

safety recommendations related to those incidents. The purpose of this 

project has been to explore potential trends in fatality incidents related to 

weather/climate or fire behavior in a sample of corresponding reports from 

the IRD. The motivation for focusing specifically on weather/climate or 

extreme fire behavior is the widespread increase in fire activity throughout 

much of the US – including area burned, number of large fires, and fire-

season length – coinciding with a legacy of fire suppression, human 

settlement, natural climate variability, and anthropogenic climate change 

(Abatzoglou and Williams 2016; An et al. 2015; Barbero et al. 2015). In 

what follows, we introduce the methods used to explore potential trends 

in fatality incidents related to weather/climate or extreme fire behavior 

and present the findings. We then discuss limitations of the study and 

recommendations for facilitating future research into the same and/or 

other trends, before concluding. 



2.  METHODS

TO EXPLORE POTENTIAL TRENDS in wildland firefighter fatalities related 

to weather/climate or fire behavior, we performed a qualitative analysis of 

the causal and contributing factors cited in a sample of 26 reports from the 

IRD across three decades: 1986–1996, 1997–2007, and 2008–2018. We 

used the search terms “fatality” and “fatalities” to generate an initial list of 

fatality reports from the IRD, then selected those that met the following 

criteria: (1) the fatality was related to weather/climate or fire behavior, 

and (2) either weather/climate or fire behavior was listed explicitly among 

the “findings” or causal and/or contributing factors (see Appendix A for a 

list of the reports included in the sample). Our aim was to select ten such 

reports per decade, but as there were not ten reports for 2008–2018 that 

met both criteria, we sampled a total of 26 reports: ten for 1986–1996, 

ten for 1997–2007, and six for 2008–2018. We uploaded the reports into 

a qualitative software application (Dedoose) and, following a grounded-

theory approach, allowed descriptive codes (or categories; e.g., “weather” 

or “communication”) to emerge from review of all causal and contributing 

factors (Bernard 2006; Ryan and Bernard 2003). Table 1 (below), lists the 

total 18 codes that emerged.

TABLE 1.  CODES OR “ANALYTIC CATEGORIES”

1)  Communication

2)  Culture

3)  Drought

4)  quipment

5)  Fatigue

6)  Fire behavior 

7)  Fire return interval

8)  Fuels 

9)  Individual decision-making

10)  Management

11)  Resources

12)  Risk assessment

13)  Situational awareness

14)  Topography

15)  Training

16)  Visibility

17)  Weather

18)  10 Standard Firefighting 

Orders/18 Watch Out 

Situations

We then assigned each causal and contributing factor one or more of the 

codes as appropriate to its content. As an example, “The organizational 

culture allows firefighters to accept a notably higher risk to protect 

structures on wildland fires” was assigned the code culture (Station Fire 

2009). In another example, the causal factor, “Weather: Hot and Dry. 

Accurate weather information was not sought” was assigned the codes 

weather (i.e., “Weather: Hot and Dry”) and management (“Accurate weather 

information was not sought”) (Cramer Fire 2003). Two researchers 

independently coded each causal and contributing factor, then compared 

their coding for intercoder reliability (Bernard 2006). Upon comparison, 

there were no discrepancies to resolve in the coding. We then performed 

frequency counts to identify the total number of times each code appeared 

per decade (e.g., the code weather was counted seven times among the 

2008–2018 reports) and across all decades (e.g., the code weather was 

counted 27 times across the total reports, 1986–2018). We also examined 

the specific content of the causal and contributing factors under each code 

category to identify any patterned themes therein (e.g., 56% of the causal 

and contributing factors under the code weather related to unexpected wind 

speeds and shifts).



3.  RESULTS

3.1 CODE FREQUENCIES: CAUSAL AND CONTRIBUTING 
FACTORS 

Across the total decades, the most frequently counted code among causal 

factors was management (58 times) (Figure 1, below), an example of which 

was: “Inadequate escape routes and safety zones... strategy and tactics not 

adjusted to compensate for observed and potential extreme fire behavior” 

(South Canyon Fire 1994). The second most frequently counted code 

was fire behavior (28 times); for example, “A slope reversal occurred in 

the unnamed drainage on the east side of the fire. This caused the fire to 

change from a backing fire, to a head fire, with a short duration crown fire 

up to the saddle” (Panther Fire 2008). The third most frequently counted 

code was weather (21 times); as in one instance, “Unexpected wind shift 

occurred too rapidly for firefighters to modify tactics” (Buchanan Rx Burn 

1993).  As shown in Figure 1, there do not appear to be consistent, marked 

trends of increase or decrease in specific causal factors across decades. 

However, this should be interpreted with caution given the small sample 

size and unequal sampling across decades. See Appendix B for examples of 

causal and contributing factors for each code. 



FIGURE 1:  CODE FREQUENCIES OF CAUSAL FACTORS BY DECADE

As in the case of causal factors, the most frequently counted code among the contributing factors was 

management (31 times); for example, “No assigned or designated lookouts” (Cedar Fire 2005) (Figure 2). The 

second most frequently counted code was topography (11 times); as an example: “Fire burned in rugged terrain 

and burnover occurred in steep drainage with fuel loads at seasonal low levels” (Esperanza Fire 2006). The third 

most frequently counted code was communication (ten times); as in one instance, “Crews used Forest Service 

tactical radio frequency not assigned to the fire for tactical discussions” (Esperanza Fire 2006). However, as 

in the case of causal factors, the absence of consistent, marked trends of increase or decrease in contributing 

factors across decades should be interpreted with caution given the small sample size and unequal sampling 

across decades. Again, see Appendix B for examples of causal and contributing factors for each code.



FIGURE 2:  CODE FREQUENCIES OF CONTRIBUTING FACTORS BY DECADE

The salience of management as the most frequently counted causal and contributing factor may reflect in part 

the potentially vast number of human variables (in comparison to environmental variables) involved in fire 

management. Further, as indicated in many of the reports sampled, fatalities are often the unfortunate result 

of “the chance conjunction of events, especially lethal erratic local fire behavior and unexpected combinations 

of normal human variability” (Coal Canyon Fire 2011). Certainly, none of the fatalities sampled in the current 

project occurred as a result of a single variable. For these reasons, caution should be used in interpreting what 

appear to be disproportionately higher counts of management.



3.2 POTENTIAL PATTERNS IN SPECIFIC CONTENT OF CAUSAL AND CONTRIBUTING FACTORS  

Generally, the specific content of each causal and/or contributing factor under most code categories was highly 

varied, though with some suggestion of pattern or trend therein. Table 2 (below) provides examples of potential 

patterns within the three overall most frequently counted codes when causal and contributing factors were 

combined across decades: management (89), fire behavior (30), and weather (27). Percentages were provided for 

a specific content type only when it was cited in more than one report. “Other” therefore refers to the percent 

total of all content types found only once. Under management, “other” content types (22%) made up the greatest 

percentage, followed by strategy and tactics not modified or unable to keep up with fire (14%), and safety zones and/
or escape routes not identified or communicated (11%). Under fire behavior, rapid rates of spread (33%), synergistic 
effects of wind and terrain (17%), and fire intensity (13%) and flame lengths (13%) made up the greatest percentages. 

Under weather, unexpected wind speeds and shifts (56%) accounted for more than half of the total, followed by 

“other” (18%), and hot, high, or above normal temperatures (15%). Here, the greater variation in the specific content 

of management relative to fire behavior and weather may again reflect the potential vastness of human variables in 

comparison to environmental variables involved in fire management.

TABLE 2. CONTENT TYPES OF MOST FREQUENTLY COUNTED CODES 

% TOTAL MANAGEMENT (89)
% TOTAL 

FIRE BEHAVIOR (30)
% TOTAL 

WEATHER (27)

Other 22%
Rapid rates of spread 
33%

Unexpected wind 
speeds and shifts 
56%

Strategy and tactics not modified or unable to keep up with fire
14%

Synergistic effects of 
wind and terrain 17%

Other 18%

Safety zones/escape routes not identified or communicated 
11%

Fire intensity 13%
Hot, high, or above 
normal temperatures 
15%

Fire behavior or weather was underestimated/misinterpreted 
10%

Flame lengths 13%
Low relative humidity 
11%

Transitions (e.g., in leadership or from Initial to Extended 
Attack) 6%

Other 10%

Lookouts not assigned or unclear 5% Blowup 7%

Rx burn plan was rescinded, inaccurate, or did not follow 
appropriate organizational chart 5%

Spotting/spot fires 7%

Risk underestimated or misjudged 5%

Confusion as to who was in control 3%

Go-No-Go Checklist did not accurately evaluate the factors to 
be considered 3%

Ineffective personnel accountability system (i.e., not accurately 
tracking crew locations) 3%

No anchor points established 3%

Accurate weather information not sought/no spot forecast 

requested 2%

Command and control not effective 2%

Interagency differences diverted attention from safe fire 

suppression 2%

Fire behavior modeling not reflective of reality 2%

Out-of-state interagency crew was not briefed on local 

conditions 2%



There was not strong evidence to suggest patterns or trends within each of 

the above specific content types across decades. Only two content types – 

rapid rates of spread (under fire behavior) and unexpected wind speeds and shifts 

(under weather) – showed consistent but minor increases in counts over 

time. However, the low numbers of counts for each of these content types 

per decade, combined with the unequal sampling of fatality incident reports 

across decades, suggests that those increases should be interpreted with 

caution. For those same reasons, the same caution should also be applied 

in interpreting the absence of evidence to suggest patterns or trends within 

other specific content types across decades.  

4.  DISCUSSION

THE MOST FREQUENTLY COUNTED causal factors among the 26 

fatality incident reports sampled were management (58), fire behavior 

(28), and weather (21). The most frequently counted contributing factors 

were management (31), topography (11), and communication (ten). There 

were no clear trends of increase or decrease in the frequencies of causal 

or contributing factors across decades, and only slight suggestion of 

patterns in specific content types – rapid rates of spread (under the code fire 
behavior) and unexpected wind speeds and shifts (under the code weather) – 

across decades. As explained above, these findings should be interpreted 

with caution given the small sample size and unequal sampling across 

decades. In what follows, we elaborate on those and other limitations 

that make difficult the identification of trends in fatality incidents related 

to weather/climate or fire behavior in the reports sampled, including: 1) 

lack of standardization in data collection and reporting in fatality incident 

reports over time; 2) complexity of fatality incidents involving numerous 

human and environmental variables; and 3) relatively small sample size. 

We then provide recommendations for addressing those limitations to help 

facilitate future research into potential trends in fatality incidents related to 

weather/climate, fire behavior, and/or other variables of interest. 



4.1 LIMITATIONS

4.1.1 Lack of Standardization in Data Collection and Reporting
The first limitation relates to two inconsistencies in data collection 

and reporting that make difficult the identification of trends in fatality 

incidents related to weather/climate or fire behavior. One, the reports 

sampled did not consistently document all potential environmental (e.g., 

weather, topography) or other (e.g., human) variables, leaving question 

as to the completeness of the data provided and, relatedly, the reliability 

of analyzing the reports for trends (see also Page et al. 2019). Two, the 

reports sampled did not consistently document causal and contributing 

factors; some provided only causal factors while others provided only 

contributing factors, or only recommendations and/or lessons learned. 

In the absence of clearly documented causal factors (or at a minimum 

contributing factors), not all of the reports sampled could be included in the 

analysis, as in the case for the 2008–2018 decade. Further, the absence 

of indication as to the relative influence of each causal and contributing 

factor when these are reported precludes insight into the degree to which 

a particular variable of interest – such as weather/climate or fire behavior 

– factored in comparison to others. In the absence of relative weighting 

and/or correlation analysis of the total variables, to focus only on one or 

more specific variables of interest in a trend analysis risks the production of 

misleading results. 

4.1.2 Complexity of Fatality Incidents
Related to the above, another limitation is the high complexity of fatality 

incidents. Where reports do document causal and/or contributing factors, 

the factors listed can be few in number but more often are multiple and 

varied. This multiplicity of factors and, again, the absence of indication as 

to their relative influence, makes it difficult to assign overall causality; for 

example, that a fatality incident occurred primarily because of weather/

climate or fire behavior as opposed to another variable or combination of 

other variables. 

4.1.3 Sample Size
The fatality reports related to weather/climate or fire behavior sampled 

in this study do not include the total such fatality reports within the IRD. 

Further, other databases – such as the National Wildfire Coordinating 

Group Safety Grams, the Always Remember! Website, and the National 

Institute for Occupational Safety and Health Firefighter Fatality 

Investigation and Prevention Program – may contain weather/climate 

or fire behavior related fatality incident reports not included in the IRD 

(see also Page et al. 2019). As such, it should be noted that the present 

study is meant to serve only as a pilot and that the specific findings (e.g., 

that management was the most frequently counted code in causal and 

contributing factors) should not be considered generalizable across all 

fatality incidents.



4.2 RECOMMENDATIONS 

4.2.1 Standardize Data Collection and Reporting
Standardization in data collection and reporting within and across fire 

agencies would help facilitate future research into potential trends in 

fatalities related to weather/climate, fire behavior, and/or other variables 

of interest. Currently, there are dissimilarities in the methods that different 

agencies (e.g., USFS, Department of Interior (DOI), and Interagency Serious 

Accident Investigation Methodologies) use in data collection and reporting. 

As an example, whereas the DOI Serious Accident Investigation (SAI) 

Guide states explicitly that, “the fundamental purpose [of the SAI] is to 

identify the cause(s) of the accident and to recommend corrective actions 

to prevent or minimize the chance of recurrence (DOI 2013), the USFS 

Facilitated Learning Analysis & Learning Review Implementation Guide 

indicates that causal statements are to be avoided and recommendations 

are to be made with caution, and that instead, investigators should 

characterize an incident according to conditions/chance combinations 

of variables (USFS 2020). Nonetheless, already Page et al. (2019) have 

generated recommended minimum data collection and reporting standards 

for environmental variables associated with firefighter entrapments that 

involve burnover. Such work could be expanded to generate recommended 

minimum data collection and reporting standards for environmental and/

or human variables associated with firefighter fatality incidents more 

generally. To standardize data collection and reporting would help to 

ensure the completeness of the data and, relatedly, the reliability of trend 

analyses. It would additionally help to facilitate the potential use of other 

methods (e.g., machine learning) in analyzing these large, text-based 

datasets, as described below. 

4.2.2 Explore Additional Methods of Analysis 
Particularly if reporting becomes standardized, quantitative approaches 

to data analysis will likely yield more detailed and impactful results for the 

relative ease of incorporating a greater number of fatality incidents into 

the study, and for the opportunity to explore correlation statistically across 

a greater number of variables. As an example, Page and Butler (2018) 

recently used machine learning to explore trends in environmental factors 

related to US wildland firefighter entrapments in Southern California, 

finding steep, southwest-oriented Chaparral-covered slopes in canyons 

to be particularly dangerous. Such analyses of environmental variables 

alone promise to help enhance wildland firefighter situational awareness 

where risk for burnover is high. However, given the complexity of fatality 

incidents highlighted here, identifying additional trends in associated 

human and/or other variables may offer more nuanced insight into the 

convergence of different combinations of factors that tend to be present 

when safety is compromised. Further, a comparative analysis that examines 

environmental, human, and/or other variables in entrapments that do and 

do not result in fatalities could elucidate key differences between the two 

that may offer important insights into protecting firefighter health and 

safety. 



5.  CONCLUSION

THIS REPORTS PRESENTS the findings of an initial exploratory study 

of potential trends in wildland firefighter fatality incidents related to 

weather/climate or fire behavior from a sample of 26 fatality incident 

reports from the WFLLC IRD over the last three decades (i.e., 1986–1996, 

1997–2007, 2008–2018). Findings are that the most frequent causal 

factors were related to management (58), fire behavior (28), and weather (21), 

and the most frequent contributing factors were related to management 

(31), topography (11), and communication (ten). However, there were no 

consistent, marked trends of increase or decrease in the frequencies of 

causal or contributing factors across decades, and only slight suggestion of 

possible patterns in the specific content of those factors across decades, 

with increases in rapid rates of spread (under the code fire behavior) and 

unexpected wind speeds and shifts (under the code weather). We reiterate that 

the salience of management as the most frequent causal and contributing 

factor may reflect the potentially vast number of human variables (in 

comparison to environmental variables) involved in fire management, and 

particularly in large fires where the number of personnel increases. We 

also reiterate (here and below) that fatality incidents are complex, and that 

none of those sampled in the current project occurred as a result of a single 

factor but rather as a chance combination of multiple factors. 

As noted, there were certain limitations that made difficult the 

identification of trends in fatality incidents in the reports sampled, 

including: 1) lack of standardization in data collection and reporting in 

fatality incident reports over time; 2) complexity of fatality incidents 

involving numerous human and environmental variables; and 3) relatively 

small sample size. As such, and in an effort to help facilitate future research 

into potential trends in fatality incidents related to weather/climate, 

fire behavior, and/or other variables of interest, we recommend a move 

toward standardization in data collection and reporting within and across 

fire agencies. To do so would constitute an important step in enabling 

application of different methods of analysis that allow for a greater number 

of reports to be sampled and for potential correlative relationships among 

causal and contributing factors to be explored. Such analyses, in turn, 

would likely generate a more comprehensive understanding of potential 

trends in fatality incident reports than can easily be accomplished at 

present, and may be of considerable value given the increase in fire activity 

throughout much of the US. 
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FATALITY INCIDENT REPORTS SAMPLED

FIRE YEAR STATE

Decade 1:  2008–2018
Yarnell Hill 2013 Arizona

County U Road 2012 Texas

Blue Ribbon 2011 Florida

Coal Canyon Fire 2011 South Dakota

Station Fire  2009 California

Panther Fire 2008 California

Decade 2:  1997–2007
Esperanza Fire 2006 California

Devil’s Den 2006 Utah

Tuolumne 2004 California

Cramer Fire 2003 Idaho

Sawtooth Rx 2003 Arizona

Cedar Fire 2003 California

Daddy Ridge 2002 Tennessee

Thirty Mile Fire 2001 Washington

Kates Basin 2000 Wyoming

Decade 3:  1986–1996
Point Fire 1995 Idaho

Cedar Mountain 1994 Georgia

Easter Sunday 1994 Wisconsin

South Canyon 1994 Colorado

Buchanan Rx 1993 New Mexico

Glen Allen 1993 California

Hog Hollow 1993 Kentucky

California Fire 1990 California

Dude Fire 1990 Arizona

Buckhorn Fire 1989 Ohio



EXAMPLES OF CAUSAL AND CONTRIBUTING FACTORS BY CODE CATEGORY

CODE CATEGORY EXAMPLE 

COMMUNICATION “Radio communications were challenging throughout the incident.” 

CULTURE “Personnel ‘can do’ attitude led to compromising safety standards.”

DROUGHT “It was primed to burn because of extreme drought…”

EQUIPMENT “Equipment performed within design limitations, but fire exceeded them and/
or prevented the effective deployment of the fire shelters.”

FATIGUE “Fatigue due to lack of sleep.”

FIRE BEHAVIOR “A slope reversal occurred in the unnamed drainage on the east side of the fire. 
This caused the fire to change from a backing fire, to a head fire, with a short 
duration crown fire up to the saddle.”

FIRE RETURN INTERVAL “The Yarnell Hill area had not experienced wildfire in over 45 years.” 

FUELS “1000-hour fuel moistures were at 4% on July 16. Klamath National Forest 
Pocket Card identifies 1000-hour fuel moistures below 15% as a threshold for 
increasing fire activity.”

INDIVIDUAL “This was [x]’s first day on the burn site and he was not specifically assigned a
DECISION MAKING  position but showed up on his own accord.”
 

MANAGEMENT “Inadequate escape routes and safety zones…strategy and tactics not adjusted 
to compensate for observed and potential extreme fire behavior.”

RESOURCES “The incident command organization had no command or general support 
staff.”

RISK ASSESSMENT “Terrain features not recognized by crew as hazardous.”

SITUATIONAL AWARENESS “The AFMO lost situational awareness while focused on direct action.” 

10 STANDARD FIREFIGHTING  “The AFMO compromised the Ten Standard Fire Fighting Orders, eight of 18
ORDERS/18 WATCH OUT  Watch Out Situations and two components of the LCES during his recon
SITUATIONS  mission.” 
 

TOPOGRAPHY “The steepness of terrain and difficulty of travel influenced the tactical 
decisions to access and anchor the right flank.”

TRAINING “[X] had limited experience in indirect and downhill line construction.”

VISIBILITY “Lookouts had been established to monitor fire activity in this area. Smoke and 
fuels limited the ability to observe fire behavior.”

WEATHER “Unexpected wind shift occurred too rapidly for firefighters to modify tactics.”
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