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In 2008, the National Research Council
reported that roughly 52% of tractors on farms
lacked ROPS." Two years earlier, in-
vestigators at the New York Center for Ag-
ricultural Medicine and Health launched
a social marketing program in New York to
overcome financial, logistical, and perceptual
barriers to retrofitting. Social marketing
identifies a population’s needs, values, and
barriers to change and designs interventions
that match them.'® The New York campaign
used the following approach”™'"*%:

*  Audience segmentation. R esearchers identified
at-risk segments of the farm community.
They selected small-scale crop and livestock
tarms and aimed to ensure that at least 1 or 2
tractors had ROPS protection on each farm.

® Identify barriers. Researchers conducted
in-depth interviews with farmers. Three
themes emerged: (1) “Constant exposures
with positive outcomes normalize risk,”
{2) “Risk is often modeled by family
members or coworkers further normaliz-
ing risk,” and (3) “There is tremendous
pressure to reduce costs, save time, and
accept risk.”

®  Design incentives. Two incentives were
provided: (1) a rebate to reduce cost (New
York State provided rebates up to $600 per
tractor) and (2) a hotline to assist callers in
locating ROPS.

®  Design messages. On the basis of focus group
feedback, the most powerful messages
featured the danger to families and the
economic burden of a personal disability.
Visuals were determined to be highly
relevant.

*  Piloting elements of the secial marketing cam-
paign. Researchers selected 4 regions to
evaluate campaign impact on the basis of
different combinations of intervention
components. Piloting of the incentives led
to a marked increase in ROPS retrofitting
in New York, especially in regions that
combined messages and incentives.

A barrier in the expansion of this in-
tervention model has been the lack of
widespread state or industry rebate contri-
butions. Given the relatively low cost to fund
state-based initiatives (at most $250 000 an-
nually), researchers sought to examine savings
over time in a state like New York, which
receives adequate rebate funding. In 2010,
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New York researchers conducted a cost-
effectiveness analysis of the intervention and
predicted a net benefit of $1 910 000 over
10 years."” Now that the program has been
operating for 11 years, this analysis seeks to
assess the accuracy of original projections and
to allow state governments and industry
groups to make informed decisions about
investients in tractor overturn prevention.

METHODS

We sent an annual survey to individuals
who had obtained a ROPS retrofit through
the New York ROPS Rebate Program.
Participants who had reported an overturn or
nearly fatal event in the survey were asked to
describe the event. Over time, events have also
been reported by participants who contact the
hotline. A review of these event reports iden-
tified 17 tractor overturns (see the box on
page 1518).

On the basis of this information, we cal-
culated exposure time (in years) as the time
between the date of the retrofit and either the
date of the most recent survey or—in cases
where events were reported via a call to the
hotline—the date of contact. For participants
who never reported an event, we calculated
follow-up time as the date of the retrofit until
the date of the last survey attempt. We cal-
culated a second measure of total ROPS
exposure time as the time from the retrofit
date to December 12, 2017. We used these
estimates of exposure time In conjunction
with the 17 reported overturn events to
produce estimates of the number of ROPS
tractor years per rollover.

Injury Outcome Analysis

We estimated the number of fatal injuries,
disabling injuries, and nondisabling injuries
prevented using survey data from a tractor
overturn study conducted in Kentucky,*
combined with estimates published by the
Centers for Disease Control and Prevention
(CDC).Z1 In the Kentucky study, researchers
estimated the probability of death or serious
injury with a correction for the “healthy
worker effect.” Briefly, this phenomenon
refers to the bias that can occur when workers
healthy enough to remain in the work force
are included in estimates, whereas those

gravely injured leave the work force -
to be overlooked. The correspond: -
rected estimates for death, disabling -
{resulting in hospitalization or perm:
disability), and nondisabling injury a=:
20.0%, and 21.9%, respectively, for - -
ROPS tractor and 1.7%, 3.0%, and

a ROPS-equipped tractor. The CI7
mates for the probability of death wez- -
and 1.7% for a non-ROPS tractor = -
a ROPS-equipped tractor, respectiv:
CDC probabilities of nonfatal injury 1=«
degree of granularity necessary to be ¢
with the data from the Kentucky stus
therefore, we derived injury probabi:=:
clusively from the Kentucky study. F= -
the probabilities used in the calculatior:
and serious injury were as follows:

* P death non-ROPS tractor = [0~
0.40*']/2 = 0.240,

* P death ROPS-equipped tractor =
[0.017*° + 0.017*')/2=0.017,

* P disabling injury non-R.OPS
tractor = 0.200,%

* P nondisabling injury non-ROPS
tractor = 0.219,%

* P disabling injury ROPS-equippe-
tractor = 0.034,% and

* P nondisabling injury ROPS-equ:=
tractor = 0.090.%

Cost Analysis

Given these probabilities, we exan—
intervention investments versus injur.
savings based on the choices to retroz:
not retrofit a tractor with the ROPS P~ -
We calculated costs per event by divid:—
program costs by the number of events.-
dollars converted to 2017 dollars usin=
consumer price index (CPI). Program < -
calculations for the New York ROPS :
Program included total program admin=—
and rebate costs from 2007 to 2017. F—-
finance rebates were provided by the ~=
New York and private donors.

The best estimate of the cost of 22
nonfatal agricultural injuries is provic:-
Leigh et al.,** who provide directand -
costs, Direct costs include the cost of -
services, doctors, pharmaceuticals, anc -
surance overhead. Indirect costs incluz:
wages, but also lost fringe benefits anc -
production. These researchers found -
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REPORTS OF TRACTOR OVERTURNS FROM NEW YORK ROLLOVER PROTECTIVE STRUCTURES (ROPS)
PROGRAM PARTICIPANTS, 2006-2017
Case ’ * Incident Details o o - o
1 Tractor operator was on z sli n his fronk tire blew out and the tractor rolled over down the hill,
2 Tractor operator was pack g2 when the bre slid off the side of the pile and the Eractor tipped over, sliding down the pile. When the tractor landed at
the bottom it did a Full : i
3 While the operator wes turning the fractor around. the rear laft Hre went off the edge of the embankment causing the tractor to turn upside down. The
operator was not wearing i off the tractor.
4 The front end of the tractor ftzd o the the tractor tipped back until the rollbar stopped it, and then came back down.
5 Tractor eperator (youth) was mowing whs lid into a deep ditch, landing on its side.
6 Tractor operator was lozding the buckst with orzval when the front left spindle broke and the entire wheel came off. The entire Lractor tipped to the left
hand side.
7 Tractor operator was on 2 siight gr2d2 with 2 Full loader when 2 rock came loose and got under the rear tire, tipping the tractor ta the side.
8 Tractor operator was going 22 [22d hay immn the t2o2 story of 2 barn. Immediately upon entering the barn the tractor crashed through 3 stories and landed =
2 he sidz of the stone wall and propelled the tractor forward about a Foot and a half, creating a small space
9 Tractor operator was on 2 2lids bruss-hogs =g woen e tractor hit @ woodchuck hole and went over.
10 Tracter operator was pl2ntag corm 20 2 220 50 when 1 of Ehe tractor wheels fell off and the tractor went over.
1 Tractor operator was ot 2 downd 2 when the tractor slid and tipped onto the right side.
12 Tractor operator was brush-220z 52 20 2 & =gz when the right e hit a stump and the tractor rolled.
13 Rollover; details ynavaiizai=
14 Rollover; details unavaizniz
15 Tip over; details unava =32
16 Tip over; details unzvziz3 =
17 Unknown roll or tp; detz = voawz z2i=
Note. An additional 7 struck-by injures wers zuertad when the 2025 blocked a falling object; however, these were not included in the analysis because
| of lack of injury and fatality probesicy 2202 om thecs 2ear o COMes.
1
average fatal occupational injury = 2ol prevensed by the program, we used the follow-up data exist for 1054 (67.2%) of these.
ture has a direct cost 0f $69 297 and 2 e o T of >rs retrofitted each vear to These 1054 participants reported 17 over-
cost of $572 180, for a total cost of $621 577, escamane the wber of fatalities and serious  turns (see the box on this page). Seven ad-
The average occupational nont: abizrae mies tha > prevented each year by the  ditional participants reported that the ROPS
injury has $16 891 in direct costs 204 $20 83 srneam We multiplied these by the cost also shielded them from falling objects, thus
in indirect costs, for a total cos of §30 7= eNEDS Leigh et al, which we adjusted preventing “struck-by” injuries; however, we
whereas the average nonfatal nc hine = wims the CPI for faaalities and injuries pre-  did not include these events in cost calcula-
Jury has $1162 in direct costs and = —ime s =2 2017 and prior years and a 3% tions as injury and fatality probabilities were
costs (all costs adjusted to 2017 dola W “ecowms =i for fatalides and injuries pre- unavailable. Under the assumption that the
estimated the fatal, disabling, 2nd nom i emz=d m 2018 and future years. The 3% experience of the 513 participants without
mjury costs prevented by the remrors prowra Fcowmx = very close to the current follow-up was similar, dividing the total
by weighting these numbers by the e —weax 1 bill interest rate, which was ~ follow-up time of 3941 ROPS years of ex-
proportion of events that would have resalted  2.85% 2z the time of our calculations, posure by the 17 rollovers reported by these
in each type of injury, using the oo o = 1054 participants vields an estimate of 1
of such events as identified 1 e Fome rollover for every 231.8 ROPS vears. Con-
study.”” These cost estimates 2o = =2 sidering the 10 963 ROPS years of exposure
pain and suffering, emotional ===« RESULTS accumulated by the cohort as of December
other nonmeonetary impacts. Berween 2007 and 2017, 1567 tractors 31, 2017, we estimated that 47.3 rollovers
Thus, to estimate the total o o == memosimed with ROPS through the (10963/231.8) have occurred in the
abling, and nondisabling injurv-relsmed coss New Vork ROPS Rebate Program; cohort.
November 2018, Vol 108, No. 11 A== Myers et al. Peer Reviewed Research 1519
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TABLE 1-—Net Injury Qutcomes From 47.3 Rollovers, No Rollover Protective Structures

(ROPS) Versus ROPS Retrofit: New York State, 2007-2017

No ROPS ROPS Retrofit
Outcomes Prevented
Qutcome Probability Injuries Probability Injuries by Retrofits®
Fatal injury 0.24 14 0.02 1 10
Disabling Injury 0.2 9.5 0.03 1.4 8
Nendisabling injury 0.219 10.4 0.09 43 6

®Injuries from “na ROPS” minus injuries from “ROPS retrofit” {rounded off).

Table 1 shows estimates of the number of
each type of injury that would occur as a result
of these 47.3 rollovers by applying corre-
sponding injury probabilities. The net out-
come is the difference between the “no
ROPS” and “ROPS” injury outcomes, and
1s used to calculate the cost of injuries averted
by the intervention.

Intervention Costs and Expected
Number of Injuries Averted

Program expense calculations included (1)
costs of program promotion such as paid
media, Web site development and mainte-
nance, and materials development; (2) ad-
ministrative costs such as salaries, rent, and
phone fees; and (3) the total costs of ROPS
rebates distributed (Table 2). Rebate costs
were the largest programmatic expense, ac-
counting for $975 951 of the $1 629692 in
total funding.

Cost-Effectiveness

On the basis of these calculations, the data
suggest that the New York ROPS Rebate
Program prevented approximately 10 fatal,
8 disabling, and 6 nondisabling injuries,
and a total of $6 018742 in fatality and
injury-related costs, through the end of 2017
(Table 3).

The retrofitted tractors will continue to
prevent injuries as long as they remain in
operation, at no additional program expense.
If the average retrofitted tractor remains in
operation for 15 years, then the retrofits in-
stalled through 2017 are expected to prevent
22 fatal, 17 disabling, and 13 nondisabling
injuries, at a program cost of $33 761 per
incident (Table 3).

If, instead, a retrofitted tractor continues in
operation for 20 years, program retrofits are
expected to prevent 30 deaths, 23 disabling
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injuries, and 17 nondisabling injuries at a cost
of $25 321 per event. A 25-year horizon
predicts the prevention of 37 deaths, 29
disabling, and 22 nondisabling at a cost of only
$20 257 per event (future dollars are dis-
counted at 3% annually).

Qur calculations indicate that the $1.78
million in program investments made
through 2017 would result in savings of
$13913 120 in fatality- and injury-related
costs if retrofitted tractors remain in operation
for 15 years, $17 557 635 if the retrofitted
tractors remain in operation for 20 years, and
$20 701 426 if the tractors remain in operation
for 25 years (Table 3; all savings are in 2017
dollars).

DISCUSSION

The cost of preventing overturn fatalities
and injuries is a one-time expense in the form
of a IROPS retrofit installation. Once in-
stalled, ROPS require little to no mainte-
nance and continue to protect the operator as
long as the tractor functions. There is litde
objective information on how long a tractor
remains operational, although observations of
farms suggest that it can be decades. As in-
dicated previously, in the initial years of the
New York ROPS Rebate Program, the re-
searchers calculated program costs and com-
pared these with associated savings incurred
by the prevention of injuries and fatalities."”
In the present study, we based program
savings on the number of overturns identified
by ROPS program participants using
a decision-tree analysis and data from previous
ROPS incident studies.*>** In addition, we
based associated fatality and injury costs on
estimates from Leigh™ and Viscusi.”® The
conclusions from the earlier cost analysis
predicted that savings from 2006 to 2016, as

a result of the ROPS Program, wou.
$2229766 (CPI adjusted to 2017 do-
Given the 10-year span between =
launch of the program and today, 2 =
ment of original estimates is timely. =
calculations indicate, the total saving -
a direct result of the program are nc.-
times greater than originally estimare:
striking difference is likely due to co:
installation of ROPS on New York =
over the past 10 years, decreased pro =
costs due to the implementation of -
efficiencies, and the continued docuz -
tion of potentially fatal events by parz. -

However, these studies are not the
look at the issue of occupational hea™
safety investments {rom a prevention -
spective. More than 25 years ago, New
researchers used data provided by far
members of tractor overturn victims -
mate average expected income lost.”
time, assoclated income costs were e:7-
to be close to $250 000 per death (CZ
adjusted figures indicate this number
to $450000 in 2017). In 1992, the pr
total loss of income due to tractor over: -
New York was calculated to be §2 =
annually ($3 570000 in 2017 dollars). = -
paper published by the same author ex::
the long-term impact of overturns o
financial viability of the farm.”® Follo-
interviews with families of overtum ==
indicated that “less than five years afto-
accidents, 67% of the families who oz -
the farms where the accidents occurr:
longer operated them and 44% no loz -
lived on them.”2*®2"%

Other economic estimates of the <
costs of fatal and nonfatal tractor over:.
come from Myers et al.*% and Pana-Cr -
Myers.”* In these studies, the authors -
at overall costs of injuries and fatalitie:
United States over a 25-year period ©
annual overturn incidence estimates =
1992 to 2002 for both ROPS and nes:
ROPS tractors. These estimates indic:"
if all of these events had occurred on .
equipped with ROPS, the estimated -
to society between 1997 and 2021 wo -
have totaled roughly $1.5 billion in 2
dollars ($1.9 billion in 2017 dollars). T
same authors explored additional RO
strategies by comparing the costs and b-
of an “install ROPS” strategy and a "r=
tractor strategy.” Cost and benefit calc:
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TABLE 2—New York Rollover Protective Structures (ROPS) Rebate Program Expenditures,

2007-2017

Total
‘zar Rebates, $ Promation, $ Administration, $ Web Site, $ Nominal $ 2017 §2
27 200 354 0 st saas
2008 153 458 12000 35497 0 200955 235650
2809 101524 12000 35497 0 149021 170120
2810 167 169 14000 354987 10000 226 666 254 945
2011 129181 14000 35497 0 178 678 195188
21 119 527 15000 35497 0 170024 182556
2013 83568 15000 10000 144 065 152395
2014 68 527 22 500 35497 0 126524 132 835
2015 86 865 50000 0 172362 179649
2016 54596 50000 10000 150093 153 259
2017 8904 16774 0 61175 61175
Total 975951 233274 390 467 30000 1629692 1776 608

“nflation adjusted to 2017 dollars.

ket Esumates of out-of-pocket costs to

comparisons for each strategy indic
the “install ROPS” strategy, such as the or build 2 ROPS using these designs is around
utlized in the New York ROPS Rebaze $5

Program, is far more cost-effective.

1ch more cost-effective option than

Clurers

Building on the economic ev:

average cost of $635 plus
ROPS installations programs. t stallation) or after-market
Institute for Occupational Safen I acturers (average cost of $1254
NIOSH) Cost-Effective ROPS (CROPS plus shipping and mstallation).” Previous

designs may provide even grearer o

2l ROPS price points has

L 1at farmers are willing to pay
0 8500 for ROPS, which makes

s an affordable option for

nities for optimizing cost-to-ber 2t
ROPS installations.”” These ROPS 4=
were developed and tested by NIOSH
gineers to help farmers build th

1 32 .
thout a rebate.”™ This option
could 2lso merease competition in the ROPS

rmng market, which could reduce

TABLE 3—Cost-Effectiveness Analysis of the New York Rollover Protective Structures
(ROPS) Rebate Program, 2007—2017

No. of Injuries Prevented

Time ROPS No. of Potentiz! by Bragram Total Injury
Horizon  Years Injury Events =22l Disabling Nondisabling Costs, §
2007- 10 963 24 72386 18 8 6 6018742
2017
Assumed time retrofitiad ractor remains in operation, y
15 23505 52 nEr 22 17 13 13913 120°
20 31340 70 532 30 23 17 17 557 635°
25 39175 87 . FaTo 37 29 22 20701 426°

Note. The number of retrofitted =z--- 25 75
*Three-percent discount rate. A == 2= 2=~ =~
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the price of commercially available RQPS,
given the relatvely small number of after-market
ROPS manufacturers {n = 4). However, tractor
manufacturers are vociferously opposed to this
option, citing concerms about substandard
ROPS construction and liability in the event

a farmer-constructed or custom-fabricated
R.OPS fails. However, Canadian researchers are
working on ways to increase ROPS installations
using the provision of ROPS designs (Jim
Wasserman, Prairic Agricultural Machinery
Institute, written communication, 2017).
Although the option of custom-fabricared or
farmer-constructed ROPS is obviously contro-
versial, our analysis demonstrates that even
greater cost benefits could be derived by
decreasing the price tag of ROPS cquipment.

Limitations

Response bias. These findings are signifi-
cantly influenced by participant survey re-
sponses, which indicated that 2 potentially
tatal or disabling injury occurs every 446 years
of tractor operation. To check the sensitivity
of potential response bias on results, we re-
vised the analysis with the assumption that
none of the nonresponders had had a rollover,
which would mean that 1 rollover occurs for
every 373 years of tractor operation, and that
a fatal or serious nonfatal rollover-related
injury occurs every 719 years of tractor op-
eration. At this rate, the program would have
prevented 6 fatal, 5 disabling, and 8 nondis-
abling serious injuries up to 2017 (compared
with 10, 8, and 6 in the original analysis,
respectively) and $3.74 million in fatality- and
injury-related costs. This is still higher than
the overall program cost of $1.78 million.

Potentially high rate of overturns in the cohort.
As our analysis indicates, 10 deaths, 8 disabling
injuries, and 6 nondisabling injuries were
prevented through 2017 in a cohort of 1567
New York Rebate Program participants with
varying ROPS exposure times over an
11-year period. Given the fatalities docu-
mented in New York from year to year (10—
15 on average), our numbers may seem in-
ordinately high. A potential explanation is
that farmers who are at increased risk are more
likely to self-select to participate in the pro-
gram than other farmers in the state.

Potentially higher rates of serious nonfatal
injuries in non-ROPS tractor overturns., Lastly,
our analysis likely undercounts the cost of
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overturn-related, nonfatal injuries. A 2002
study with a randomized sample of farm
operators in Kentucky found that in 113
overturn reports, 25 and 88 incidents oc-
curred on ROPS-equipped and non-ROPS
tractors, I'CSPCCtiVElY.ZO Qf'the 25 overturns of
ROPS-equipped tractors, 1 (4%) resulted in
a death on a roadway when the adolescent
operator was not wearing his seatbelt and 4
(16%) resulted in injuries requiring emer-
gency care (averaging 3.5 days in the hospital);
none of the overturn victims were perma-
nently disabled, and the 4 who were injured
experienced an average of 20 lost workdays.
By contrast, of the 88 victims of non-ROPS
tractor overturns, 24 died, 48 required
emergency care (averaging 20 days in the
hospital), 10 had permanent disabilities, and
most could not work again. The injured lost
an average of 104.6 workdays (not including
lost workdays beyond 365 days for 10 patients).
The costs of these factors are unknown, how-
ever, so we used the same cost factors in our
comparison between the 2 tractor types, even
though the costs of nonfatal injuries are con-
siderably higher for victims of non-ROPS
tractor overturns. Moreover, because our
analysis assumes a 59% reduction in wages for
agriculture compared with all occupations (an
assumption made in the study by Leigh et A=),
the outcome costs in our analysis may un-
dervalue farmer income. Many small farm
households earn most income off the farm.™

Public Health Implications

Since the New York Center for Agricul-
tural Medicine and Health piloted this in-
tervention model in New York, it has been
adopted by a number of additional states
(Pennsylvania, Vermont, Massachusetts, New
Hampshire, Wisconsin, and Minnesota). Al-
though ROPS installations have increased
significantly in states where rebate funding is
available, many high-risk states and industry
groups have chosen not to contribute
state-based or industry funds for ROPS
rebates. However, as our research indicates,
this intervention model is effective from
both a public health and economic
standpoint. AJPH
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