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Agricultural Tractor Overturn Deaths:
Assessment of Trends and Risk Factors

John R. Myers, ms* and Kitty J. Hendricks, ma

Background Tractoroverturn deaths have been recognized as a public health concern for
decades. Studies have reported on the hazards associated with tractor overturns, but none
have reported on trends in tractor overturn fatality rates in the United States (US).
Methods Tractor overturn fatality data from the Bureau of Labor Statistics Census of
Fatal Occupational Injuries were used in Poisson regression models to: identify risk
factors associated with overturn fatalities; examine trends in tractor overturn fatality rates
between 1992 and 2007; and assess trends in overturn fatality rates for specific risk factors.
Results Characteristics found to be associated with tractor overturn fatality rates were
age, type of farm, region, and the victim’s relationship to the farm (P < 0.0001). Older age
groups, crop farms, farms in the Midwest and Northeast, and family workers all had higher
fatal tractoroverturn risks. Overall, tractor overturn fatality rates declined 28.5% between
1992 and 2007. Significant decreases in tractor overturn fatality rates were found for the
Northeast and South regions, hired workers, crop farms, and in every age group except
those less than 25 years of age.

Conclusions Tractor overturn fatality rates decreased between 1992 and 2007.
These decreases were not consistent between different categories of the agricultural
workforce or regions of the US. Changes in tractor overturn fatality rates may be
partially explained by increases in the prevalence of ROPS on farm tractors in the
US. ROPS promotion programs are needed to reduce tractor overturn fatalities,
especially among those subpopulations at highest risk. Am. J. Ind. Med. 53:662-672
2010. Published 2009 Wiley-Liss, Inc."
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INTRODUCTION

Agricultural production is one of the most hazardous
industries in the United States (US) as defined by the number
and rate of occupational deaths. According to the Bureau of
Labor Statistics (BLS), there were a total of 422 workers

Division of Safety Research, National Institute for Occupational Safety and Health,
Morgantown, West Virginia

The findings and conclusions in this report are those of the authors and do not necessarily
represent the views of CDC, NIOSH.

*Correspondence to: John R. Myers, 1095 Willowdale Road, MS-1808 Morgantown, WV
26505. E-mail: jrmyers @cdc.gov

Accepted 7 September 2009
DOI10.1002/ajim.20775. Published online in Wiley InterScience
(www.intersciencewiley.com)

© 2009 Wiley-Liss, Inc.
"This article is a US Government work and, as such, isin
the public domain in the United States of America.

who died in the agricultural production sector in 2007, for an
annual fatality rate of 24.2 deaths per 100,000 workers [BLS,
2009a]. The leading cause of these work-related deaths
is the overturn of agricultural tractors [NIOSH, 2006].
Tractor overturns accounted for 1,412 deaths to farmers and
farm workers between 1992 and 2005, or 18.7% of all
agricultural production deaths during this time-period
[NIOSH, 2008].

Agricultural tractor overturn deaths have been an
identified problem since the 1920s [Arndt, 1971], and have
been arecognized public health concern for decades [Karlson
and Noren, 1979; NCASH, 1989; NIOSH, 1992; Swenson,
2004]. Numerous studies on farm-related fatalities have
continued to identify tractors, and specifically tractor over-
turns as a common cause of fatal occupational injury for
farmers and farm workers at both the state and national level



[Karlson and Noren, 1979; Murphy, 1985; Purschwitz and
Field, 1986; Bobick and Jenkins, 1992; Hayden et al., 1995;
Fiedler et al., 1998; Myers et al., 1998; Hard et al., 1999,
2002; Meyer, 2005].

A common recommendation in these studies is the use of
Rollover Protective Structures (ROPS). ROPS are of various
designs, but essentially are roll bars or cabs developed to
provide a protective zone for the tractor operator in the event of
a tractor overturn. The tractor operator is required to use a
seatbelt in conjunction with a ROPS to keep them inside
the protective zone during an overturn [OSHA, 1976].
The effectiveness of ROPS and seatbelts has been well
documented [Lehtola et al., 1994; Springfeldt et al., 1998;
Thelin, 1998; Reynolds and Groves, 2000; Myers et al., 2008].
The National Institute for Occupational Safety and Health
(NIOSH) has estimated that fatality rates due to tractor
overturns could be reduced by a minimum of 71% [NIOSH,
1993] if all tractors were equipped with ROPS in the US.

The lack of progress in reducing the number and rate
of tractor overturn deaths during the 1980’s and 1990’s
became a major driving force in NIOSH establishing a
National Agricultural Tractor Safety Initiative (NATSI) in
collaboration with the NIOSH-funded Agricultural Research
Centers [Swenson, 2004]. The purpose of the initiative
was to: examine the existing research on preventing tractor-
related injuries and deaths; identify surveillance, research,
and intervention gaps; conduct research to fill the identified
gaps; and work towards interventions to reduce fatal and
non-fatal tractor-related injuries. Both NIOSH and the
Agricultural Research Centers agreed to work collabora-
tively on the NATSI goals.

Recent studies related to the NATSI initiative have
shown that the prevalence of ROPS on farm tractors has been
steadily increasing since the 1990’s [Loringer and Myers,
2008; Myers, 2008; NASS, 2008]. However, no studies have
been conducted to date to assess how these increases
have impacted tractor overturn fatality rates in the US. The
purposes of this study were to: assess demographic character-
istics that might be associated with overturn fatality rates;
examine trends in occupational tractor overturn fatality rates
in the US for the years 1992 through 2007; and assess trends
in overturn fatality rates associated with the demographic
characteristics.

METHODS
Fatality Data

Data on tractor overturn fatalities were obtained from the
Census of Fatal Occupational Injuries (CFOI). CFOI was
developed by the BLS for surveillance of work-related fatalities
in the US. The fatality data cover all industries and occupations,
and all ages. To be included in the database, cases must meet the
following criteria: (1) the decedent was employed at the time of
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the event, and (2) engaged in a legal work activity or present at
the site of the incident as a requirement of his or her job [BLS,
2009b]. Fatalities to volunteer and unpaid family workers who
perform the same duties and functions as paid workers are also
included in the counts.

CFOI data are compiled using a multi-source method-
ology (e.g., death certificates, workers’ compensation files,
medical examiner or coroner reports, police reports).
Generally cases are only included in the database if two
sources indicate a work relationship. Nature of injury, body
part injured, source, and event were coded using the
Occupational Injury and Illness Classification System
(OIICS) [BLS, 1992]. BLS provided NIOSH with a detailed
research file that includes variables such as specific age. The
New York City Department of Health declined to release
these more detailed data; therefore, data from New York City
are excluded.

For this analysis, fatalities in the agricultural
production sectors were selected by industry codes (Standard
Industrial Classification Codes 1992-2002 [OMB, 1987]
and North American Industry Classification System 2003—
2007 [OMB, 2002]) for agricultural production in crops and
livestock for the years 1992—2007. Tractor overturn fatalities
were selected based both on a primary source code for tractor
(OIICS source code = 853), and an event code that indicated
the fatality was the result of a highway or non-highway
overturn (OIICS event code =4141 or 4233).

Denominator Data

Employment estimates were derived from the Current
Population Survey (CPS) micro-data files for the years
1992-2007. CPS is a monthly survey, conducted by BLS, of
United States (US) households selected from a probability
sample representative of the civilian non-institutionalized
population [BLS, 2009c]. Demographic variables available
in the CPS include the worker age, state of employment,
relationship to the place of employment, and industry of
employment.

Analysis of Trends and Risk Factors

Poisson regression was used to assess the overall trends
in overturn fatality rates for this 16-year time-period. To
better understand trends, four separate time periods were
examined for the overall tractor overturn fatality rate: 1992—
1995, 1992-1999, 1992-2003, and 1992-2007. Poisson
regression was also used to assess the relationship between
overturn death rates and potential risk factors associated with
the overturn fatality. These included the victim’s age group,
employment in a primarily crop or livestock operation,
relationship to the farm (i.e., family or hired), and geographic
region of death. The geographic regions were the four major
categories defined by the Bureau of the Census (Table I)
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TABLE . Statesinthe Four U.S.Bureau of the Census Geographic Regions of the US

Region States

Northeast ~ Connecticut, Maine, Massachusetts, Pennsylvania, New Hampshire, New Jersey, New York, Rhode Island,Vermont

Midwest lllinois, Indiana, lowa, Kansas, Michigan, Minnesota, Missouri, Nebraska, North Dakota, Ohio, South Dakota, Wisconsin

South Alabama, Arkansas, Delaware, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi, North Carolina, Oklahoma, Tennessee, Texas, South Carolina,
Virginia, West Virginia

West Alaska, Arizona, California, Colorado, Hawaii, Idaho, Montana, Nevada, New Mexico, Oregon, Utah, Washington, Wyoming

[BOC, 1975]. Analyses were limited to these four variables
because they were the only ones with sufficient numbers of
deaths to model trends over the entire 16-year time-period.
All models were adjusted for over-dispersion of the
variance by scaling all tests of significance using the Pearson
Chi-square statistic. All Poisson regression models were
conducted using the GENMOD procedure available from the
SAS Institute [SAS, 2003].

RESULTS

Univariate Results for All Tractor
Overturn Fatalities

Between the years 1992 and 2007, 1,538 agricultural
production workers died from tractor overturns in the US,
resulting in an annual average of 96 deaths. Crude overturn
fatality rates by year are provided in Figure 1. Table II
provides the univariate Poisson regression results for the
independent categorical variables farm group, age group,
relationship to the farm, and region of the US. All four
independent variables were statistically significant.

Table III presents the unadjusted rates and rate-ratios
for the univariate Poisson regressions for the same four
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FIGURE 1. Crude tractor overturn fatality rates per 100,000 agricultural production
workers by year, 1992—2007. (*This research was conducted with restricted access
to BLS CFOI data (data excludes NY. City). Rates calculated by NIOSH and may differ
from those published by BLS. The views expressed here do not necessarily reflect the
views of the BLS.)

categorical variables. When examining the data by region,
the Midwest and Northeast had the highest rates for tractor
overturn fatalities, with unadjusted rate-ratios nearly
five times that of the West. The South also had a significantly
higher tractor overturn fatality rate compared to the West.
The unadjusted rate-ratio by age group showed the oldest age
group (75 years and older) had the highest risk of overturn
fatalities, with an unadjusted rate-ratio over 13 times that of
25- to 34-year olds, the age group with the lowest overturn
fatality rate. All age groups older than the 25-34 years old
comparison group had significantly higher fatality rates.
Crop farms had an unadjusted overturn fatality risk 4.6 times
that of livestock farms, while farm family members were
found to have a rate of fatal tractor overturns nearly six times
that of hired workers.

Univariate Trend Results

The overall univariate Poisson regression trend and
estimate results for the 1992—-2007 time-period are presented
in Table IV by different levels of region, farm group, relation
to farm, and age group. For the overall trend in tractor
overturn fatality rates, the slopes were not statistically
significant for the time periods 1992-1995 (f=0.0253;
Pr > 5*=0.20), 1992-1999 (B = —0.0112; Pr > 5> =0.43),
or 1992-2003 (B=-0.0119; Pr>3>*=0.18). The only
significant slope estimate was for the time-period 1992
through 2007 (Table IV). This model indicated a decrease in
tractor overturn fatality rates (Fig. 2), with an estimated
decline of 28.5% (Table IV).

TABLEII. Univariate Poisson Regression Results for the Dependent Variable
Tractor Overturn Fatality Rates and the Independent Variables Region, Farm
Group, Relation to Farm, and Age Group, 1992—2007

Independent variable® df Type Il 2 Pr> y*
Region 3 198.55 <0.0001
Farm group 1 216.26 <0.0001
Relation to farm 1 558.11 <0.0001
Age group 6 789.13 <0.0001

®Rows in bold are statistically significant at o = 0.05.
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TABLE Ill. Univariate Poisson Regression Annual Average Tractor Overturn Fatality Rates and Unadjusted Rate-Ratios for the Categorical Variables Region,

Farm Group, Relation to Farm, and Age Group, 1992—2007*

Overturn deaths Deaths per Lower Upper Unadjusted Lower Upper

Independent variable® 1992-2007 100,000" 95% rate 95% rate rate-ratio (RR) 95% RR 95% RR
Region

Northeast 163 6.81 4.90 9.45 4.85 3.49 6.73

Midwest 760 6.83 5.22 8.94 4.86 3.72 6.37

South 497 4.77 3.61 6.30 3.40 2.57 4.49

West 118 140 109 180 100 — —
Farm group

Crop 1,187 7.80 6.20 9.82 4.60 3.65 5.78

Livestock 291 170 1.38 209 100 — —
Relation tofarm

Family 1,352 7.54 6.29 9.05 5.95 4.96 713

Hired 183 127 107 150 100 — —
Age group

<25years 97 2.25 163 310 137 100 189

25—34 years 88 164 130 2.07 100 — —

35—44years 154 2.29 1.1 3.06 1.40 1.04 1.87

45-54years 233 3.78 2.88 4.96 2.31 1.76 3.03

55—-64 years 319 6.09 4.69 7.92 3.72 2.86 4.83

65—-74 years 381 11.53 8.91 14.92 7.04 5.44 9.10

75 + years 266 21.66 16.57 28.31 13.22 10.11 17.28

*Source: This research was conducted with restricted access to BLS CFOI data (data excludes NY. City). Rates calculated by NIOSH may differ from those published by BLS.The

views expressed here do not necessarily reflect the views of the BLS.

Rows in bold have rate-ratios statistically different from the comparison group at o. = 0.05.

®Tractor overturn deaths per 100,000 agricultural production workers.

For trends within regions, the Northeast and the South
both had significant decreasing trends in tractor overturn
fatality rates (Table IV). Based on the region-specific
regression models, the predicted rate of tractor overturn
deaths decreased 63.9% in the Northeast over the 16-year
period, while the predicted overturn fatality rates in the South
decreased 52.7% (Table IV). The regression model for the
West region was not significant, although the slope estimate
was negative. For the Midwest region, the regression model
was also not significant, but was the only region to show a
positive slope estimate (i.e., a trend of increasing overturn
fatality rates for the 16-year time-period). There was an
estimated 32.7% decrease in tractor overturns rates for crop
farms, while the regression model for livestock operations
was not significant (Table IV). There was also a significant
decreasing trend in tractor overturn fatality rates seen for
hired farm workers during this 16-year time-period, with an
estimated decrease of 57.5%; the regression model for family
workers was not significant.

All age groups, except for the less than 25 years old
group, had significantly decreasing fatality rates over this
16-year time-period (Table IV). The biggest estimated
decrease in risk was seen for the 25—34 years old age group

at 66.5%, followed by the 75 years and older age group
(45.0%), the 45-54 years old age group (42.7%), the
35-44 years old age group (42.1%), the 65—74 years old
age group (33.5%), and finally the 55—64 years old age group
(31.2%) (Table IV).

Multivariate Results for All Tractor
Overturn Fatalities

Table V presents the multivariate Poisson regression
results for the independent variables examined previously in
univariate models. The multivariate model found that all the
independent variables were significant. For the continuous
variable, year, the multivariate model continued to show a
significant decreasing trend in the risk for tractor overturns
during the 16-year time-period after adjusting for the
four categorical variables in the model (= —0.0369;
Pr > 3% < 0.0001).

Table VI provides the adjusted rate-ratios for the
categorical variables region of the US, farm group, relation-
ship to the farm, and age group. The adjusted rate-ratios for
region showed little change from the unadjusted rate-ratios
provided in Table III for the Northeast and South, while the
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TABLE IV. Univariate Poisson RegressionTrends and Estimates for Tractor Overturn Fatality Rates for the Variables Year, Region, Farm Group, Relation to Farm,

and Age Group, 1992—2007

Regression estimated Regression estimated

Independent variable* Slope (B) Typelll xz Pr> 12 rate?, 1992 rate?, 2007 Percent change
Year

1992-2007 —0.0224 14.48 0.0001 5.54 3.96 —28.52
Region

Northeast —0.0679 6.18 0.0129 10.79 3.90 —63.86

Midwest 0.0122 162 0.2029 6.28 753 19.90

South —0.0499 41.23 <0.0001 6.61 3.13 —52.65

West —0.0201 1.31 0.2525 162 120 —2593
Farm group

Crop —0.0265 7.90 0.0049 9.39 6.32 —32.69

Livestock —0.0333 224 01343 21 127 —39.81
Relation tofarm

Family —0.0105 215 0.1423 8.10 6.92 —14.57

Hired —0.0570 32.70 <0.0001 1.86 0.79 —57.53
Age group

<25years —0.043 340 0.0654 273 1.74 —36.26

25-34years —0.0773 7.82 0.0052 2.51 0.84 —66.53

35-44years —0.0366 3.90 0.0484 2.90 1.68 —42.07

45-54 years —0.0373 22.90 <0.0001 4.92 2.82 —42.68

55—64 years —0.0266 9.67 0.0019 7.16 4.93 —31.15

65—74 years —0.0271 4.77 0.0290 13.92 9.26 —33.48

75 + years —0.0398 4.97 0.0258 29.39 16.18 —44.95

*Rows in bold are statistically significant at oo = 0.05.
#ractor overturn deaths per 100,000 agricultural production workers.

adjusted Midwest relative risk decreased 24.9%. For relation
to farm, the adjusted rate-ratio for family members decreased
32.5% compared to the unadjusted rate-ratio. For the variable
farm group, the adjusted rate-ratio for crop farms increased to
6.30, a 37% increase compared to the corresponding
unadjusted relative risk estimate.

Larger changes were seen between the adjusted and
unadjusted rate-ratios for the independent variable age
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FIGURE 2. Unadjusted Poisson regression tractor overturn fatality rates per 100,000
agricultural production workers with 95% Cl bounds.

group. The adjusted rate-ratios for all age groups older than
the 25—34 years old referent group decreased after account-
ing for the other independent variables in the model, with the
35—-44 years old age group becoming not statistically
different from the 25-34 years old comparison group. The
biggest overall decreases were seen for the 55-64 years old,
65-74 years old, and 75 years and older age groups. These
three age groups all had decreases ranging between 43% and
49% compared to their corresponding unadjusted rate-ratios.
The adjusted rate-ratio for the 45—54 years old age group was
32% lower than its corresponding unadjusted rate-ratio, but
was still significantly higher than the referent group. The only
higher adjusted rate-ratio was seen with the less than 25 years
old age group, which increased 31.4% from the univariate
result. The increase was enough to make this age group
statistically different than the referent group.

DISCUSSION

Trends in Overall Overturn
Fatality Rates

The results of the Poisson regression analyses indicate
that there was an estimated 28.5% decline in the tractor



TABLE V. Multivariate Poisson Regression Results for the Dependent
Variable Tractor Overturn Fatality Rates and the Independent Variables Year,
Region, Farm Group, Relation to Farm, and Age Group, 1992—2007

Independent variable® df Type Il 2 Pr>y°
Year 1 22.08 <0.0001
Region 3 135.21 <0.0001
Farm group 1 540.48 <0.0001
Relation to farm 1 165.28 <0.0001
Age group 6 238.13 <0.0001

®Rows in bold are statistically significant at o = 0.05.

overturn fatality rate on US farms between 1992 and 2007
(Fig. 2). This decline in the overturn fatality risk was even
greater after controlling for the variables age group, region,
relation to the farm, and farm group, with the slope for
the variable year, increasing from —0.0224 in the univariate
Poisson model to —0.0369 in the adjusted model. The
decrease in fatality rates corresponds to an increase in
the number of tractors equipped with ROPS on US farms
(Fig. 3). Between 1993 and 2006, the ROPS prevalence rate
for farm tractors increased from 38% to 59% [Myers and

TABLE V1. Multivariate Poisson RegressionTractor Overturn Adjusted
Rate-Ratios for the Categorical Variables Region, Farm Group, Relation to Farm,
and Age Group, 1992—2007

Adjusted Lower Upper

Independent variable® rate-ratio (RR) 95% RR 95% RR
Region

Northeast 5.07 3.64 7.05

Midwest 3.60 273 4.75

South 3.17 2.39 4.20

West 100 — —
Farm group

Crop 6.30 5.28 7.52

Livestock 100 — —
Relation tofarm

Family 4.01 3.17 5.09

Hired 100 — —
Age group

<25years 1.80 1.20 2,70

25—34 years 100 — —

35—44 years 1.09 0.76 158

45-54 years 1.57 1.12 2.27

55—64 years 213 1.53 2.98

65—74 years 3.56 2.56 4.95

75 + years 6.47 4.58 9.14

®Rows in bold have rate-ratios statistically different from the comparison group at
o= 0.05.
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FIGURE 3. Tractor overturn fatality rates compared to ROPS prevalence rates. (*This
research was conducted with restricted access to BLS CFOI data (data excludes NY.City).
Rates calculated by NIOSH and may differ from those published by BLS. The views
expressedheredonotnecessarilyreflect the views of the BLS.—Sources: Myersand Snyder
[1995]; Loringerand Myers [2008]; NASS [2008].)

Snyder, 1995; NASS, 2008]. Using the predicted Poisson
regression fatality rates (Fig. 2), there was an average
decrease of 0.07 deaths per 100,000 workers in the tractor
overturn fatality rate for every 1% increase in ROPS
prevalence for the time-period 1993 through 2006.

This decrease in fatality rates only became statistically
significant when the years 2004 through 2007 were added to
the Poisson regression models, coinciding with the time-
period when the overturn fatality rates fell below 4 deaths per
100,000 workers for the first time (Fig. 1). The Poisson
regression models examined here for earlier time periods
found no statistically significant decreases in overturn
fatality rates, despite the steady increases in ROPS equipped
tractors during the 1990’s and the turn of the 21st century
[Myers and Snyder, 1995; NASS, 2008]. Tractor overturn
data from the National Safety Council covering the years
1969 through 1995 suggest that tractor overturn fatality rates
were also stable throughout the 1980’s and mid-1990’s
[Myers et al., 1998].

This discordance between the increasing use of ROPS on
farm tractors and lack of a statistically significant decrease in
overturn fatality rates prior to adding the 2004—-2007 time-
period into the Poisson regression, mirrors results seen in
Sweden [Springfeldt et al., 1998; Thelin, 1998]. The Swedish
data found that overturn fatality rates remained stable when
ROPS prevalence rates were between 40% and 75%. The
findings from a number of European countries suggest
that ROPS prevalence rates between 75% and 80% are
required before tractor overturn fatality rates fall near zero
[Springfeldt, 1996; Springfeldt et al., 1998; Thelin, 1998].
The recent decline in overturn fatality rates suggest that
ROPS prevalence rates on US farm tractors (now likely over
60%) are nearing the point where these deaths may decline
more quickly, if indeed the European experience holds true in
the US.

Of additional importance was that overturn fatality rates
appeared to decrease across a wide range of subgroups within
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the agricultural production industry. All of the slope
estimates for the various independent variable subgroups
examined were negative, with the exception of the Midwest
region (Table IV). While not all these estimates were
statistically significant, the high proportion of negative slope
estimates suggests that the reduction in risk for tractor
overturn deaths was broad-based.

Age of the Operator

A strong risk factor identified in this study is the age of
the victim. While the adjusted rate-ratios for the all the age
groups above the 25-34 years old comparison group
decreased significantly from the unadjusted counterparts,
the adjusted rate-ratios are still elevated, especially for
individuals over the age of 55 years (Table VI). The
increasing risk of death with increasing age of the farmer
or farm worker has been reported for the general US
agricultural production industry by several researchers
previously [Hanford et al., 1982; Hoskin et al., 1988; Myers,
1990; Myers and Hard, 1995; Fiedler et al., 1998; Hard et al.,
1999, 2002; Meyer, 2005; Myers et al., 2009]. Tractor
rollovers have been identified as accounting for the largest
proportion of deaths among farmers over the age of 55 years
[Myers et al., 1998; Hard et al., 1999; Meyer, 2005], with
Myers et al. [1998] reporting a similar pattern of increasing
risk for tractor overturn deaths with increasing age.

Studies have found that as injury outcomes become more
severe, older workers have a decreased ability to recover
from the trauma [Purschwitz and Field, 1986; Personick and
Windau, 1995; Pickett et al., 1999; Voaklander et al., 1999;
Pransky et al., 2005]. A common explanation is the physical
changes that occur as individual’s age that reduce the body’s
ability to heal, but such explanations ignore the role of other
risk factors that may have contributed to the injury event
itself [Rossignol, 1994]. These risk factors include physical
(e.g., decreased vision, hearing, and musculoskeletal func-
tioning) as well as medicinal-related impairment [Rossignol,
1994; Voaklander et al., 1999, 2006; Xiang et al., 1999;
Sprince et al., 2003]. These physical and medication risk
factors are thought to slow reaction time and reduce a
worker’s dexterity, which are crucial to operating a farm
tractor [Murphy, 1985; Zwerling et al., 1995].

The age-related pattern seen for overturn fatality risk has
also been reported for the prevalence of non-ROPS-equipped
tractors on farms in the US, with farm operators more than
65 years of age having the highest proportion of their tractors
unequipped with ROPS [Loringer and Myers, 2008]. The
same age-related pattern was also seen for racial minority
farm operators [Myers, 2009]. The finding that older farm
operators are more likely to have a higher percentage of non-
ROPS-equipped tractors than young farmers has also been
observed in other studies [Whitman and Field, 1995; Wilkins
et al., 2003; May et al., 2006; Sanderson et al., 2006].

Economics and the changing nature of family farms
likely play a role in these observations for older farmers. The
traditional image of farming in the US is that of “succession
farming” whereby a farmer hands the farm operation down to
the next generation of family members. However, Gale
[1994] found that this image of the generational farm family
was the exception, with the majority of older farmers scaling
back farming operations prior to retirement, and ultimately
liquidating the farm. Data from the 2002 Census of
Agriculture found that older farmers tend to operate smaller
farms and have significantly lower farm incomes compared
to their middle-aged counterparts, even after accounting for
farm subsidy payments [Allen and Harris, 2005].

This scaling back of farm activities prior to retirement
suggests that older farmers are less likely to invest in
new capital equipment, such as tractors and machinery
[Gale, 1994]. This may partially explain the findings of others
suggesting older farmers are more likely to own and operate
older tractors [Gelberg et al., 1999; Sanderson et al., 2006].

The longevity of tractors also is important. The average
age of a farm tractor in 1993 was 23 years [Myers and Snyder,
1995], increasing to 26 years by 2001 [Myers, 2003]. These
findings suggest that the productivity of farm tractors does
not significantly diminish with age, allowing them to perform
useful farm work for decades. This long-term productivity
provides an additional incentive for older farmers to not
invest in new equipment as the farmer nears retirement.
Unfortunately, it is these older tractors that likely pose the
greatest risk for fatalities from tractor overturns [Cole et al.,
2007], and are the least likely to be fitted with ROPS [Myers,
2003].

The attitudes and beliefs of older farm operators must be
taken in to account. Whitman and Field [1995], in a study of
senior farmers over the age of 60 years, found that many older
farmers do not see the necessity or cost benefit of having
ROPS on their farm tractors. These older farmers were found
to believe that they faced only a moderate risk by operating
tractors without a ROPS because their experience as a tractor
operator could prevent a serious tractor-related incident.
While 88% of senior farmers stated they considered ROPS to
be effective in preventing injuries, only 26% believed the
safety benefits of ROPS outweighed the costs of a ROPS.
Fiedler et al. [1998], in a study of Nebraska farm operators
55 years old and older, found that they did not perceive
tractors as their most important safety concern despite data
showing tractors to be the leading cause of death for this
group. Arcury [1997], in a study of Black farmers from
Kentucky, Mississippi, North Carolina, and Tennessee, came
to many of the same conclusions: Black farmers understood
the value of safety equipment like ROPS, but did not see the
need to have them on their older tractors. He also found that
these Black farmers primarily used older tractors and farm
machinery that were not equipped with modern safety
devices such as ROPS.



The significant decreases in overturn fatality rates within
all of the age groups, except victims less than 25 years of age,
is promising (Table IV), although estimated overturn fatality
rates for farmers and farm workers over the age of 55 years of
age are still high. Recent data from the USDA show that the
average age of US farm operators continues to increase,
going from 55.3 years in 2002 to 57.1 years in 2007. The
number of operators 75 years and older grew 20% since 2002,
while the number of operators under 25 years of age
decreased 30% over the same time-period [NASS, 2009a].
Thus, those farm operators at highest risk for a tractor
overturn fatality are increasing.

Type of Farm

Results from the BLS CFOI have consistently reported
that crop operations have higher overall fatality rates than
livestock operations [BLS, 2009d], a finding that also holds
true for tractor overturn deaths specifically. The underlying
reasons for these large differences in risk between crop and
livestock operations have not been addressed in the literature,
but may be related to tractor-use patterns between these two
broad categories of farms.

Loringer and Myers [2008] found that crop operations
had higher ROPS prevalence rates in both 1993 and 2004
(41% in 1993 and to 53% in 2004) compared to livestock
operations (34% in 1993 and 49% in 2004). Myers [2009]
found the same result for farms operated by racial minorities
during 2003 (52% for crop operations and 48% for livestock
operations). However, certain types of crop operations have
been found to have a low prevalence of ROPS-equipped
tractors: ‘““Vegetable, Fruit, and Nut’’ operations, “‘Nursery”’
operations, and “Tobacco’ operations [Myers and Snyder,
1995; Loringer and Myers, 2008; Myers, 2009]. This is due in
part to exemptions in both the Occupational Safety and
Health Administration ROPS standard [OSHA, 1976] and
the American Society of Agricultural Engineers voluntary
ROPS standard for tractors used in low-clearance areas
[ASAE Standards, 1985]. It is not possible with the data
examined here to assess whether these specific types of
farming operations have higher overturn fatality rates than
other types of crop operations.

The finding that the risk for tractor overturn fatalities has
significantly decreased for crop farms during this 16-
year time-period is encouraging (Table IV), but the estimated
Poisson regression fatality rate for crop farms was still high in
2007. While crop operations do have a higher prevalence of
ROPS-equipped tractors than livestock operations [Loringer
and Myers, 2008], this has not led to an overall lower rate of
overturn fatalities for crop farms. More research is needed to
better identify the specific types of crop farms and other risk
factors associated with these high tractor overturn fatality
rates.
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Region of the US

With regards to regional differences in tractor overturn
fatality rates, Myers et al. [1998] reported that, for the years
1992 through 1995, the highest overturn fatality rates were
found in the Northeast (8.4 deaths/100,000 workers),
followed by the South (6.2 deaths/100,000 workers), and
the Midwest (6.1 deaths/100,000 workers), with the lowest in
the West (1.9 deaths/100,000 workers). These earlier
results, coupled with those reported in Table III, support
the regression findings that overturn fatality rates are
decreasing over time in the Northeast and South regions of
the US, but are unchanged, or slightly increasing in the
Midwest (Table 1V). These findings also make it clear that
overturn fatality rates in the West region of the US have been
historically lower than rates seen in other parts of the US.

The two regions that were found to have significant
decreases in tractor overturn fatality rates, the Northeast and
the South, correspond to the two regions that had the greatest
increase in the prevalence of ROPS equipped tractors over a
similar time-period. Using ROPS prevalence estimates from
Myers [2008] for the years 1993—1995 and ROPS prevalence
estimates for 2006 [NASS, 2008], the Northeast went from
29% of the farm tractors equipped with ROPS in 1993, to
51% in 2006. For the South, the ROPS prevalence rates went
from 38% to 65% over this same 14-year period. For this
same time-period, the ROPS prevalence rate in the Midwest
increased from 40% to 56%, while in the West, the
prevalence rate increased from 41% to 60%.

Relationship to the Farm

The finding that farmers and farm family members are at
a higher risk for fatal tractor overturns than hired workers has
not been previously reported in the literature. Meyer [2005]
did report that the majority of occupational fatalities among
farming occupations occurred to family members (55% of
deaths for those less than 55 years of age, and 85% for those
55 years of age and older). Most farms in the US do not use
hired labor. According to the 2002 Census of Agriculture,
26% of farms in the US reported using hired workers, with
only 10% hiring workers for more than 150 days per year
[NASS, 2004]. This had decreased to 22% and 9%,
respectively, by 2007 (NASS, 2009b). These hired workers
are mostly employed in the states of California, Florida,
Texas, Oregon, and Washington [NASS, 2009b].

The use of hired workers appears to be protective with
respect to having ROPS-equipped tractors on a farm in the
US. Myers [2008] found that farms with no hired workers had
an odds ratio two times that of farms with 26 or more hired
workers with respect to the percentage of tractors used on the
farm without ROPS. The farms with no hired workers had
odds ratios 1.72 higher than farms with 11-25 hired workers,
and 1.27 times higher than farms with 1-10 hired workers
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with respect to the percentage of tractors used on the farm
without ROPS. The concentration of hired labor on an
increasingly small number of farms, coupled with the higher
ROPS prevalence rate on those farms using hired workers
suggests the lower risk for hired workers is due in part to a
lower exposure of hired farm workers to tractors without
ROPS, and may explain the continued decrease in the risk of
tractor overturn deaths for hired farm workers seen in
Table IV.

Future Directions for Prevention of
Tractor Overturn Deaths

Based on results from Europe, decreasing the rate of
tractor overturn deaths in the US can be accomplished by
increasing the number of ROPS-equipped tractors used on
farms in the US. Studies specific to the US have also shown
that such an approach would be cost effective [Kelsey and
Jenkins, 1991; Myers and Snyder, 1995; Pana-Cryan and
Myers, 2000; Owusu-Edusei and Biddle, 2007]. Unfortu-
nately, there is no nationally organized program in place to do
this.

Proposals have been presented to address this issue using
a variety of methods [Karlson and Noren, 1979; NCASH,
1989; Kelsey and Jenkins, 1991; Myers and Snyder, 1995;
Donham et al., 1998; Freeman, 1999; Reynolds and Groves,
2000; Harris et al., 2002, 2005; Swenson, 2004; Hallman,
2005; Sorensen, 2006; Owusu-Edusei and Biddle, 2007;
Virginia Farm Bureau, 2008]. The most effective approach
attempted to date is in the state of New York, which has
developed a social marketing campaign linked to an
economic incentive program that includes a ROPS locator
service for farm operators [Sorensen, 2006; May, 2008]. A
more limited incentive program is also being conducted in
Virginia [Virginia Farm Bureau, 2008]. Programs such as
these show promise in encouraging farm operators to retrofit
older farm tractors. The one major hurdle to expanding social
marketing-based incentive programs on a large scale is the
cost. Assuming an incentive of $600 per retrofitted tractor, as
in New York [May, 2008], a national program would require
$1,033,200,000 to retrofit the approximately 1.72 million
tractors without a ROPS in the US [NASS, 2008].

Limitations

The CPS used as the denominator in this study has some
limitations. First, these employment estimates were based on
the “primary industry” of the employed person, which
undercounts part-time farmers and farm workers who work
on a farm as a secondary job. Second, because the CPS is
administered by telephone, it likely undercounts farm
workers who do not have a telephone, or are transient in
nature. The impact of these undercounts is not readily
apparent.

Another limitation is that this study calculated employ-
ment based on the average annual number of workers rather
than the number of hours worked. Ruser [1998] previously
reported that incident rates for older workers would be under
estimated if based on the number of workers because older
workers tend to work less hours. If hours worked were used
in this study, the rates and rate-ratios for workers 55 years of
age and older would likely be higher, suggesting that the
relative risks presented here for these older workers are
conservative.

The regional comparisons provided in this work also
have some underlying limitations. The regions encompass
several states, and the overall regional rate may mask large
differences in overturn fatality rates between states within
each region. Finally, these analyses do not reflect farm
workers hired through farm labor contractors. Because these
workers are not directly hired by farm operators, contract
workers are captured under the agricultural services industry,
not the agricultural production industry. It is possible that
contract farm workers have a higher tractor overturn fatality
risk than observed for farm workers directly hired by farm
operators.

Summary

The results of this study suggest that farm family
members, farmers and farm workers over the age of 55 years,
farmers and farm workers on crop farms, or farmers and farm
workers located in the Northeast, South, and Midwest regions
of the US have a higher risk of fatal tractor overturns. Future
interventions, such as ROPS retrofit incentive programs,
should consider these high-risk populations. Finally, more
research is needed to identify those factors that continue to
place farmers and farm workers on crop farms at higher risk
for tractor overturn deaths compared to that seen on livestock
operations.
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