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Abstract. Much work was done in the 1970�s and 1980�s related to self-propelled grain combine 
fires, their causes, and associated costs.  To compliment this information, National Fire Incident 
Reporting System (NFIRS) data were analyzed to determine if trends and rates have fluctuated since 
past research. 
Results from 1984 � 1995 and 1997 NFIRS records from all reported states yielded 8,307 combine 
fires in 38 states.  The 1998 � 2000 data from 5 of the top 10 states with combine fire occurrences 
were also analyzed, providing an additional 620 cases.  This work summarizes information related to 
the time of day, day of the week, month, and year the fire occurred.  Summary statistics of the 
ignition factor that allowed the fire to start, location of fire origin, composition of the material first 
ignited, and estimated total dollar loss for the combine fires are also identified within this study. 
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Introduction 
Fires on grain combines have been documented as early as 1856, but the problem was not 
addressed in technical literature until Heston (1973) analyzed 513 tractor and combine fires.  In 
1982, the National Association of Mutual Insurance Companies (NAMIC) conducted a study of 
785 combine fires and 2,160 tractor fires (Reeves, 1982).  Following this research, Moore 
(1987) analyzed 89 combine fires for insights into patterns of makes and models involved in 
fires.  From this early research, it was established that combine fires occur less frequently than 
tractor fires, but the magnitude of the loss for combines is much larger. 
To accompany earlier research; on-site investigations, fire marshal reports, fire victim surveys, 
and NFIRS data that described 4,092 combine and tractor fires occurring from 1982 to 1986 
were analyzed (Shutske et al., 1990).  The data documented the magnitude of fire loss on 
combines and tractors, described fire causes and characteristics, and developed fire prevention 
recommendations for the designer/manufacturer and end-user.  It was further established that 
the majority of combine fires occurred in the early afternoon, with the most fires occurring in the 
engine compartment.  The type of flammable material first involved in agricultural machinery 
fires was primarily crop residue, engine fuel, and hydraulic fluid.  Further analysis demonstrated 
that 90% of those surveyed self-reported that they followed the routine maintenance schedule 
recommended in the operator�s manual based on self-reporting by 50 individuals who had 
experienced a combine fire. 
While past research has shown that fires on agricultural equipment were at one time a serious 
problem (Shutske et al., 1987), no recent research has been performed to determine if combine 
fires are still a problem.  Additionally, no previous work has explored the long term rates and 
trends associated with combine fires to determine changes in the location of the fire or if 
different materials were involved in or contributed to the fire. 
This work analyzes 8,307 combine fires from the records of NFIRS data from 1984 through 
1995 and 1997 for all states that used the NFIRS system, termed the �Main Dataset�, to provide 
insight into the long term trends and rates associated with combine fires.  Due to the inability to 
acquire data from 1996 in a timely manner, it was not included.  It is believed that the absence 
of 1996 data will have a minimal effect on the overall outcome of the study because of the large 
size of the data set that was available.  Following the analysis of data from 1984 to 1997, the 
state fire marshals� offices in the ten states with the highest average of combine fires reported 
were contacted to request more recent data.  The state offices generally have more timely data 
due to a three to four year lag time between the development of local data sets and when the 
data becomes publicly available as part of the national data set.  Of the top ten states having 
the most combine fires, five states responded in a timely manner and are included in the study.  
These five states, termed the �Midwest Subset�, account for an average of 32.6% of the 
reported cases and are representative of the Main Dataset based on a comparison between the 
Main Dataset and the Midwest Subset for the years 1984 � 1997. 
This study is the largest of its kind to strictly involve combine fires, and the first public document 
to analyze the long-term rates and trends of fire data for agricultural equipment.   

Safety Emphasis 

Shutske & Field (1988) noted that, based on NFIRS data, two out of every 100 agricultural 
machinery fires resulted in a personal injury, and one in every 1000 fires resulted in a death. 
The work described in this paper benefits both the end user and the designer/manufacturer by 
providing information as to when a combine fire occurs or where fires do occur on combines.  
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The time of day, day of the week, and month the fire occurred offer valuable insights into what 
temporal conditions are present when fires occur and what type of maintenance schedule 
manufacturers should recommend and end users should follow.  The ignition factor, area of fire 
origin, equipment involved in the ignition, and type of material ignited allow specific information 
as to what material caused the fire to begin, what material first started on fire, and also the 
location on the machine where the fire occurred.  With this work showing that an average of 639 
self-propelled grain combine fires were reported each year, with an average loss of $15,182 per 
fire, we feel that there is a need to create a safety standard specific to the prevention of fires on 
self-propelled grain combines.  A safety standard could help to reduce the frequency and 
magnitude of combine fires, and ultimately reduce the resulting injuries and deaths. An 
engineering standard could also specify the types of fire control and suppression hardware to be 
used with every type of self-propelled machine including handheld extinguishers, detectors, and 
fixed suppression equipment. 

Methods 
A total of 32,132 Mobile Property Type 65 (tractor, harvester, picker) cases from states 
participating in the U.S. Fire Administration�s (USFA) NFIRS program were analyzed for the 
years 1984 through 1995 and 1997 using SPSS 10 statistical analysis software.  A pictorial 
representation of the states participating in the NFIRS is located in Appendix A.  These data 
were sorted initially with queries to extract cases that involved a combine. The remaining data 
were manually sorted to remove all cases that could not be identified as a combine fire.   
Manual sorting was performed by creating a master list of makes and models of combines and 
removing cases that did not correspond to the list.  The master list was compiled from the 2002 
Hot Line Farm Equipment Guide created by the Heartland Ag-Business Group.  This source, 
while not encompassing all makes and models of equipment, was assumed to contain at least 
95% of the combines represented in the NFIRS data.  Any model identification that was also 
given to another type of machine or implement was further removed if it could not be specifically 
identified as a combine.  It was further assumed that local fire departments would likely label a 
combine as a tractor, but not vice versa, due to combines being a form of specialty equipment 
while tractors are used in several industries and thought to be more common and recognized, 
so cases labeled as a combine were saved.  This data set yielded 8,307 cases believed to be 
combines. 
Frequency analysis on the state where the fire occurred was done to determine the ranking of 
states by number of total combine fires that occurred.  State fire marshals from the ten states 
with the highest reported combine fires were contacted to request Mobile Property Type 65 data 
from 1998 through their most recent records, because publication of the nationally compiled 
NFIRS dataset has an approximate four-year lag before they are made publicly available by the 
federal government on data tapes or CD-ROM.  Five of these states, OH, KS, MN, NE, MI, 
termed the Midwest Subset, ranked 3, 5, 6, 7, 9 respectively, based on the total number of fires 
that had occurred, responded in a timely manner.  OH, KS, MN, and MI provided data from 
1998 through 2000, while NE only provided data from 1998 and 1999.  The cases from 1998 
through 2000 were sorted following the techniques used for the Main Dataset, yielding 620 
additional combine fires. 
The cases assumed to be combines from 1984 through 2000 were combined and further 
analyzed in regard to the time of day, day of the week, month, and year the fire occurred; and 
the ignition factor, area of fire origin, equipment involved in the ignition, type of material ignited, 
and estimated total dollar loss.  This analysis was completed using Microsoft Excel and SPSS 
10 software programs.  



 

4 

Results and Discussion 

Time Fire Occurred 

The time of day at which the fire occurred for the Midwest Subset is shown in Figure 1, with all 
years lumped into an average value.  Yearly data for the Main Dataset and the Midwest Subset 
are included in Appendix B.  The time of day fires occurred appears to follow a normal 
distribution, with the highest percentage of fires occurring at mid-afternoon.  It should also be 
noted that 78.2% of fires occurred between noon and 8:00 PM, and nearly one-half (48.5%) of 
fires occurred between 2:00 PM and 6:00 PM.  This high percentage of fires can likely be 
attributed, at least in part, to more total hours of operation in the afternoon and drier field 
conditions due to higher temperatures and evaporation of morning dew.  Farmers potentially 
cleaning machines each morning before harvesting could also impact the distribution, but further 
research is needed to fully understand combine cleaning habits.  Nevertheless, a potential 
reduction in fires could be achieved by recommending that combines be maintained and 
cleaned twice a day at approximately noon and mid-afternoon or investigating additional means 
to minimize or eliminate the accumulation of crop residue near ignition sources during operation.  

0% 5% 10% 15% 20% 25%

Not Reported
10:00 PM - 11:59 PM

8:00 PM - 9:59 PM
6:00 PM - 7:59 PM
4:00 PM - 5:59 PM
2:00 PM - 3:59 PM

Noon - 1:59 PM
10:00 AM - 11:59 AM

8:00 AM - 9:59 AM
6:00 AM - 7:59 AM
4:00 AM - 5:59 AM
2:00 AM - 3:59 AM
Midnight-1:59 AM

 
Figure 1. Time of day fires occurred from 1984 and 2000 for the Midwest Subset. 

The day of the week on which fires occurred for the Midwest Subset separated into four-year 
groupings from 1984 � 2000 is shown in Figure 2, with individual year data for the Main Dataset 
and the Midwest Subset in Appendix C.  Data for 1984 � 1987 suggest that fires occurred at 
approximately the same rate from Monday through Friday with approximately 50% relative 
decrease in fires on Sunday.  Comparison of the data groups 1988 � 1991, 1992 � 1995, and 
1997 � 2000 show a decreasing trend in the amount of fires that occur on Monday, Tuesday, 
and Wednesday, and an increase in the amount of fires that occurred on Thursday, Friday, and 
Saturday.  The increase in fires in the latter part of the week could be attributed, in part, to a 
trend of accumulation of crop residue and/or decreased cleaning practices as the week 
progresses.  It should be noted that the sample size for 1984 � 1997 data is over 4 times larger 
than that of 1998 � 2000 data, potentially contributing to the trend shift.  Additional research is 
needed to determine the true cause of the increase in trends as the week progresses from 
Sunday through Saturday.  Both data sets demonstrate a decrease in fires on Sunday, possibly 
attributed to decreased combine use due to attending religious services or limited weekend 
grain elevator hours. 
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Figure 2.  Day of the week fire occurred for the Midwest Subset. 

The Midwest Subset is a good representation the Main Dataset as to the month the fire 
occurred and was used to compare trends between the 1984 � 1987, 1988 � 1991, 1992 � 1995 
and 1997 � 2000 data groups (Figure 3).  Source data for the Main Dataset and the Midwest 
Subset is located in Appendix D.  As expected, and also reported in Shutske & Field (1988), the 
majority, 67.9%, of fires occurred during the fall harvesting period (late September-November) 
and 11.4% during wheat harvest (July). In order to accurately compare the rate of combine fires 
that occur during the two harvesting periods, additional data that is normalized to the hours of 
exposure for each season is needed, providing insight as to whether the fall or wheat harvesting 
periods have a higher fire incidence on an hourly rate. This exposure data would also provide 
additional insights into the temporal aspects and characteristics of fires that were previously 
described. In comparing the 1984 � 1987 and 1997 � 2000 data groups, a large increase of fires 
in September and October, 15.6% and 16.2% respectively, and a decrease of fires in June and 
November of 9.0% and 11.2% respectively, are present, but further research is necessary to 
explain the shift from the wheat harvest to the fall harvest. 
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Figure 3.  The month when the fire occurred for the Midwest Subset. 



 

6 

Figure 4 summarizes the frequency of reported combine fires that occurred each year from 
1984 through 2000, with a tabular form of the data located in Appendix E.  An average of 639 
combine fires occurred each year from 1984 through 1997 amongst states using the NFIRS 
system.  There appears to be a cyclical trend of fires increasing over a three to four year period, 
and then decreasing substantially, but the cause of this cyclical trend is unexplained.  A possible 
explanation of this trend could be weather related, such as the summer drought of 1988 
potentially causing a reduction in total hours of machine operation, thus reducing the potential 
for fire, but more research is needed to determine the cause. Again, exposure data that would 
provide information on total hours of machine usage would be helpful to determine what is 
causing the appearance of a cyclical trend.  
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Figure 4.  Year the fire occurred for the Midwest Subset and the Main Dataset. 

 

Factor Involved in the Ignition 

Figure 5 shows the ignition factor that allowed the fire to start as an average for 1984 through 
2000 data for the Midwest Subset.  The full data set with the ignition factor for each year is 
located in Appendix F.  It must be noted that this data is subjective based on a determination by 
the case reporter, often a local fire service volunteer who is left with the task of determining how 
to report the ignition factor.  Almost 50% of the fires were caused by mechanical or electrical 
failures, suggesting that research into these two types of ignition factors would greatly reduce 
combine fires. 
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Figure 5.  The ignition factor from the Midwest Subset 1984 � 2000. 

Location of Fire Origin 

The location of fire origin from the Midwest Subset 1984 � 2000 is located in Figure 6, with 
yearly information for both the Main Dataset and Midwest Subset located in Appendix G.  The 
majority of fires (76.7%) originated in the engine area, which suggests additional design work is 
needed to prevent fires from occurring in this area. During recording, field and shop locations 
were listed as the location of fire origin, accounting for 263 and 42 cases respectively within the 
Midwest Subset and 692 and 40 cases respectively within the Main Dataset.  These cases were 
removed from Figure 6 and Appendix G because they were believed to be incorrectly recorded 
in the same fashion noted by Shutske & Field (1988), where the geographic location at which 
the fire occurred was recorded rather than the location on the combine.  

 
Figure 6.  Location of fire origin for the Midwest Subset 1984 � 2000. 
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Material First Ignited 

The composition of the material first ignited for the Midwest Subset is shown in Figure 7, with a 
yearly analysis for both the Midwest Subset and the Main Dataset located in Appendix H.  
Organic materials were reported most frequently, agreeing with the research performed by 
Shutske & Field (1988).  Within this referenced work, NFIRS data from all type 65 cases and 
data from 50 Indiana combine fires were analyzed.  There was some deviation between the two 
data sets, but results shown in Figure 7 closely match the Indiana data, further validating fully 
separated NFIRS combine data. 

 
Figure 7.  The material first ignited in the combine fire for the Midwest Subset 1984 - 2000. 

Losses Resulting from Reported Fires 

Figure 8 shows the average loss per combine fire after correcting for inflation to June of 2002, 
with additional loss calculations located in Appendix I.  The correction for inflation was 
performed using the CPI index provided by the Bureau of Labor Statistics.   From 1984 � 1997, 
$94,748,050 in property damage losses were reported to the NFIRS from the Main Dataset. 
This does not include 1996 data, additional combine fire cases that occurred but could not be 
identified, fires not reported, and other losses associated with downtime, injuries and deaths, or 
the use of fire department resources.  This is an average of $15,182 per combine fire.  From 
1998 � 2000, $3,451,183 in losses were reported from the Midwest Subset alone, averaging 
$13,860 per fire.  A possible explanation for the difference in average loss per fire is assumed to 
be due to the valid percent of cases in which a dollar loss was actually reported at the time of 
the fire investigation.  The 1984 � 1997 data averaged a valid loss report rate of 75.5%, while 
data from 1998 � 2000 averaged 39.8%, reducing the sample size and confidence in the 1998 � 
2000 data.  This reduction in valid loss report rate, coupled with the reduced sample size for 
1998 � 2000 data, suggest that $15,182 is a better approximation of the loss per combine fire 
because the data is more complete.  Another potential explanation that was not explored further 
is that Midwestern combine fires might cause less damage or might be deemed by the 
investigators in those states as less expensive to repair.  
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Assuming the Midwest Subset comprises, on the average, 32.6% of reported fires that occur 
throughout the nation, approximately $10,586,451 in losses occurred nationally among those 
fires reported through NFIRS.  Looking at the trend from 1984 � 2000, the average reported loss 
from a combine fire seems relatively constant.  Possible explanation of this is that the majority of 
fires do occur on older equipment, valued at a similar level throughout time, or that the 
magnitude of fires is, on the average, constant, while the value of combines is increasing. 

$-
$2,000
$4,000
$6,000
$8,000

$10,000
$12,000
$14,000
$16,000
$18,000
$20,000

19
84

19
85

19
86

19
87

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

 
Figure 8.  Average loss from 1984 � 2000 adjusted for inflation. 

Conclusions 
8,307 combine fires from 1984 � 1997 for all states using the NFIRS system and 620 combine 
fires from 1998 � 2000 for the Midwest Subset were analyzed to determine the time of day, day 
of week, month, and year the fire occurred; as well as the ignition factor, area of fire origin, type 
of material ignited, and estimated total dollar loss.  Condensed results of this study are listed 
below. 

• 78.2% of combine fires occur between noon and 8:00 PM, 48.5% occur between 2:00 
PM and 6:00 PM. 

• The majority of fires occur during the week, with the fewest on Sunday.  1984 � 1997 
data suggests a higher rate of fires in the middle of the week with 1998 � 2000 data 
suggesting a shift to the end of the week. 

• 67.9%, of fires occurred during the fall harvesting period (late September-November) 
with a decrease in the frequency of fires during wheat harvest and an increase in fires 
during the fall harvest from 1984 to 2000. 

• 639 reported combine fires occur, on the average, each year in those states that report 
to the NFIRS. 

• 47.2% of combine fires reported mechanical or electrical failure as the ignition factor 
starting the fire. 

• 76.7% of combine fires originate in the engine area 
• 41.3% of combine fires have organic material as the type of flammable material first 

involved in the fire. 
• From 1984 � 1997, $94,748,050 in estimated losses from combine fires were reported, 

averaging $15,182 per fire. 
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Using this research as a starting point, further discussion is needed to determine if the loss 
magnitude and rate of self-propelled grain combine fires are acceptable by all stakeholders 
involved.  This discussion should include manufacturers, the insurance industry, dealers, 
operators, and other parties who have knowledge of self-propelled grain combines or fire 
detection, prevention, and suppression. 
If discussion determines that fires are an issue, a safety standard should be developed that 
addresses fire prevention from the design and manufacturing perspective, as well as the 
operator maintenance perspective.  Similar standard information is needed in relation to fire 
suppression and control, specifically regarding the size, type, location, and the number of fire 
extinguishers needed, along with referrals to appropriate fire control standards. 
Additional exposure data would also be helpful to further examine various trends that were 
observed in this analysis.  It would be beneficial to know within a given 24-hour period what the 
hours of field exposure for combines are.  It would also be helpful to know how much exposure 
varies by day of the week and by month within given geographic locations.  Ultimately, exposure 
data, while difficult and expensive to collect, would yield much richer information related to fire 
risk factors.  However, the descriptive information that has been presented here does provide 
useful information and a snapshot that shows the magnitude and general characteristics of the 
combine fire problem. 
Additionally, with the increased application of machinery performance sensors on combines, 
and machinery in general, fire or high temperature sensors seem to be a feasible addition, and 
a means of detecting when a fire occurs.  Previous testing by Shutske et al. (1994) found that 
early fire detection often allowed a fire to be extinguished with typical handheld dry chemical 
extinguishers, increasing the operator�s safety and ability to extinguish the fire. Later detection 
allows the fire to more fully develop and heat surrounding components, which serve as re-
ignition points, often making fire suppression with handheld equipment difficult or impossible. 
Further research is also needed to determine: 

1. Maintenance habits performed by the combine operator. 
2. Means of minimizing or eliminating the accumulation of crop residue near ignition 

sources. 
3. The reasoning behind the shift towards fires at the end of the week. 
4. Why fires are occurring earlier in the fall harvest season? 
5. If more fires occur during the fall harvesting period per hour of exposure. 
6. Why there is a cyclical trend in the year combine fires occur? 
7. How to reduce mechanical and electrical failures? 
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