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HIGHLIGHTS

o Government estimates of nonfatal occupational injuries and illnesses understate the haz-
ards in U.S. agriculture.

e From 2004 to 2019, government estimates only captured 13% to 26% of the true number
of nonfatal injuries.

e Estimates of nonfatal injuries are more accurate for crop production than for animal
production.

o Estimates are more accurate over time, with a decline in self-employed and unpaid fam-
ily labor in agriculture.

ABSTRACT. The U.S. Bureau of Labor Statistics provides annual estimates of nonfatal oc-
cupational injuries and illnesses by U.S. industry sector. We performed a series of correc-
tions to these estimates for each year from 2004 through 2019 to account for institutional
and behavioral drivers of the undercount in the sample used to construct these estimates
for the U.S. agricultural industry. Institutional factors consisted of the exclusion of small
farms and self-employed and family workers, as well as the employment undercount due to
the highly seasonal nature of agricultural work. Behavioral factors consisted of willful and
negligent underreporting by employers. We updated the estimates using information on the
number of people employed in the excluded portions of the agricultural industry and esti-
mates of the underreporting rate from prior work. Over this period, we show that the gov-
ernment estimates only captured 13% to 26% of the true number of nonfatal injuries and
illnesses, missing 74% to 87% of the true case counts each year. The government estimates
were more accurate for crop production, missing an average of 77% of cases, than for
animal production, missing an average of 83% of cases. Willful and negligent underre-
porting was the largest contributor to the undercount, followed by the exclusion of self-
employed and unpaid family workers.
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available measures understate the true risk. Two metrics commonly used to rank

industries by their level of hazard (the rates of occupational fatalities and nonfatal
occupational injuries and illnesses) are both estimated by the Bureau of Labor Statistics
(BLS). According to the Census of Fatal Occupational Injuries (CFOI), across all sectors,
the agriculture, forestry, fishing, and hunting sector is consistently the most hazardous. In
2019, the fatality rate in this sector, which was 23.1 per 100,000 full-time equivalent (FTE)
workers, was nearly double the next highest rate, 13.9 per 100,000 FTE in transportation
and warehousing (BLS, 2021a). In terms of the rates of nonfatal injuries and illnesses from
the Survey of Occupational Injuries and Illnesses (SOII), agriculture is less of an outlier.
In 2019, the reported incidence rate of nonfatal occupational injuries and illnesses for
workers in agriculture, forestry, and fishing was highest among all U.S. private industry
sectors (5.2 per 100 FTE) but was similar to those in other sectors (BLS, 2019a). Here we
delineate sectors by the broad two-digit codes of the North American Industry Classifica-
tion System (NAICS). In 2019, the next highest nonfatal injury and illness rates were 4.4
per FTE for workers in transportation and warehousing and 4.0 per FTE for workers in
arts, entertainment, and recreation.

Unlike measures of workplace fatalities from census data, measures of occupational in-
juries rely on the surveyed sample being representative of the population of firms. This is
not the case in the agricultural sector, where estimated injury and illness rates are under-
stood to be undercounts (GAO, 2009; Rautiainen and Reynolds, 2002). The implication is
that the risk of becoming injured or ill while working in agriculture is higher than official
estimates and might mirror sector fatality rates.

In attempts to improve these government estimates, prior work has examined the rates
and prevalence of nonfatal injuries in agriculture using a variety of data sources, including
workers compensation claims (Douphrate et al., 2009; Rautiainen and Reynolds, 2002;
Karttunen and Rautiainen, 2013), hospital data (Gorucu et al., 2022; Kica and Rosenman,
2020; Scott et al., 2021), data scraped from agricultural news websites (Weichelt and
Gorucu, 2019), survey data (Crawford et al., 1998; Johnson et al., 2021; McGwin et al.,
2000; Pratt et al., 1992; Rautiainen et al., 2004; Tonozzi and Layne, 2016; Zhou and Rose-
man, 1994), and meta-analyses of existing work (Jadhav et al., 2016; McCurdy and Carroll,
2000). These studies yield estimates of the nonfatal injury rate for agriculture that range
from 2.9 to 16.6 per 100 FTE.

These studies also focus on various subsets of the agricultural workforce, which par-
tially explains the large range of injury estimates. For example, Crawford et al. (1998)
administered a survey to farmers in Ohio in 1993 and found a nonfatal injury rate of 5 per
100 persons; Kica and Rosenman (2020) studied impatient-based discharge summaries,
outpatient clinic records, and emergency department records for all Michigan hospitals in
2015 and 2016 and found that nonfatal agricultural injuries were highest for dairy farms
(40% of injuries) and similar for owners/operators (44%) and hired labor (43%); Tonozzi
and Layne (2016) used data from a NIOSH supplement to the National Agricultural Work-
ers Survey and found nonfatal injuries rates of 2.9 to 4.3 among the nationally representa-
tive sample of hired crop workers.

In this study, we applied a series of adjustments to the BLS SOII estimates in order to
bound the true but unobserved nonfatal injury and illness counts for workers in crop and
animal production. The adjustments that we apply are based on those proposed by Leigh
et al. (2014), who show that the undercount is driven by both institutional and behavioral

ﬁ griculture is understood to be among the most hazardous industries in the U.S., but
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factors. Institutional factors include (1) the SOII excludes farms with fewer than eleven
employees, self-employed farmers, and family members, and (2) the SOII (and other
widely used national data sources) underestimates agricultural employment due to the sea-
sonality of agricultural work and the prevalence of undocumented workers. Behavioral
factors account for the remainder of the undercount and include willful and negligent un-
derreporting by workers and employers. Leigh et al. (2014) estimated that the BLS SOII
missed 73.7% of injury cases in crop production and 81.9% of injury cases in animal pro-
duction in 2011, with institutional and behavioral factors each accounting for roughly half
of the undercount.

We build on and extend the work of Leigh et al. (2014) along two dimensions. First, we
extend estimates of the agricultural injury and illness undercounts beyond a single year to
cover the period 2004 to 2019. Our methods can be easily replicated and applied to future
data. This allows updates of SOII estimates on an ongoing basis. Our process of computing
updated SOII estimates includes uncertainty and constructs upper and lower bounds for the
undercount. These bounds incorporate unobservable changes in the BLS data-generating
process. Barring significant changes in the underlying population used by BLS to construct
SOII estimates, our updated measures are reliable over time, allowing improved policy
evaluation and formulation. Changes in any of the following would require updating the
parameters or methods to continue producing accurate estimates of agricultural injuries and
illnesses: (1) types of operations and workers left out of BLS SOII counts, (2) BLS report-
ing standards, or (3) penalties for inaccurate or dishonest reporting.

Second, we use a novel simulation approach to compute a reasonable range of estimates,
whereas prior work produced point estimates. These ranges account for the uncertainty that
is implicit in the adjustment process. Our approach yields a distribution of estimates for
nonfatal agricultural injuries and illnesses, which, under a reasonable set of assumptions,
can be used to construct bounds for the true but unobserved measure of agricultural injuries
and illnesses.

We make three contributions. First, we update prior estimates of the true rates of injuries
and illnesses in agriculture. Accurate and up-to-date estimates are vital for developing pol-
icies aimed at improving the health and safety of the agricultural workforce (Chari et al.,
2018). In addition to these policies having important ramifications for workers, such poli-
cies are expensive to implement and enforce, making it even more important to ensure that
the policies are impactful. The National Institute for Occupational Safety and Health’s Ag-
riculture, Forestry, and Fishing (AgFF) program is allocated $26.5 million annually to ad-
dress the high rates of fatalities and injuries in agriculture (Harrington et al., 2021). Accu-
rate estimates are necessary to determine where to allocate program funds and to evaluate
the efficiency and effectiveness of past initiatives.

Second, we document trends in injuries and illnesses over time. Understanding the dy-
namics of injuries and illnesses is important for evaluating the effectiveness of past policies
aimed at reducing injuries and illnesses in agriculture, ultimately contributing to more ef-
fective and efficient policies moving forward. Further, we show that the drivers of under-
count are time-varying, ruling out approaches based on a static adjustment factor.

Finally, we propose a systematic approach to incorporating uncertainty in our estimates.
Rather than calculating upper and lower bounds on individual adjustment factors, we use
a simulation approach that yields a distribution of estimates.
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Materials and Methods

Our goal is to construct a range of estimates, incorporating measures of uncertainty, that
serve as reasonable bounds on the true number of nonfatal injuries and illnesses in agricul-
ture for each year from 2004 through 2019. We accomplish this by performing a series of
adjustments to the BLS SOII estimates for crop and animal production using data from the
BLS Quarterly Census of Earnings and Wages (QCEW) and the U.S. Census Current Pop-
ulation Survey (CPS). We list key parameters from each of these data sources in table 1.

We begin our process using information from the BLS SOII injury and illness data for
the incidence rate of injuries and illnesses, which is defined as the number of injuries and
illnesses per 100 FTE, the number of injury and illness cases, and the percent relative
standard errors for detailed industry rates and case counts for 2004 through 2019 (rows 1
to 4 in table 1). We update these baseline numbers to account for the institutional and be-
havioral drivers of undercount using information on employment and FTE counts in the
SOII (rows 5 and 6 in table 1), employment and reliability from the QCEW and CPS
(rows 7 to 10 in table 1), and estimates of willful misreporting from the literature.

The SOII does not collect employment data; however, the final measures of injuries and
illnesses per 100 FTE require employment estimates. BLS relies on information on em-
ployment from the QCEW, excluding farms with fewer than eleven employees (see foot-
note 5 in BLS, 2019a) and a formula that defines full-time employment for 100 workers as
200,000 work hours per year (BLS, 2020; Leigh et al., 2014; Northwood, 2010).

We outline the algorithm in figure 1. The first box in figure 1 explains our first step:
preparing the SOII data by generating employment estimates in the SOII for years they are

Table 1. Data sources.?!

Parameter Source
SOII injury and illness: Incidence rate (number of BLSTable 1: Incidence rates - detailed industrylevel
injuries and illnesses per 100 FTE) (2004-2019) (BLS, 2019a)
SOIl injury and illness: Number of cases BLS Table 2: Number of cases - detailed industry level
(2004-2019) (BLS, 2019b)
SOII injury and illness: Percent relative standard BLS Table Al: Percent relative standard errors for
errors for industry incidence rates (2004-2019) detailed industry incidence rates (BLS, 2019¢c)
SOII injury and illness: Percent relative standard BLS Table A2: Percent relative errors for detailed
errors for industry case counts (2004-2019) industry rates (BLS, 2019d)
SOII employment count (2004-2011) Personal communication from Henry Reeve,
BLS, 24 February 2021
SOII FTE count (2004-2019) BLS Table 1 and Table 2 (BLS, 2019a, 2019b)
QCEW employment count (2004-2019) QCEW BLS public data API (BLS, 2021a)
QCEW coverage exclusions for QCEW Table A: Coverage exclusions (2004-2019)
agricultural businesses for selected workers (BLS, 2019¢)
CPS employment count for self-employed CPS Table 4: Employed and experienced unemployed
and unpaid family workers (2004-2019) persons by detailed industry and class of worker,

annual average (personal communication from
Steven Hipple, BLS, 5 February 2021)
CPS reliability parameters for agriculture “Calculating approximate standard errors and
and related industries confidence intervals for CPS estimates” and Table PF-8
from “Parameters and factors for calculating standard
errors, tables PF-1 through PF-16" (BLS, 2018, 2021b)
(] This table provides an overview the key parameters used in the study and details the data source for each
parameter. Each parameter is retrieved for NAICS 111 (Crop Production) and NAICS 112 (Animal Produc-
tion) where possible. Exceptions include QCEW coverage exclusions (which are only available for agricul-
tural businesses as a whole) and CPS reliability measures (which are only available for agriculture and related
industries). BLS data were accessed through the BLS API (see Appendix B).
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SOII employment data preparation: Our goal is to construct SOII employment estimates that are con-
sistent over time despite a change in data availability. We scale the post-2011 SOII FTE estimates using the
mean percentage difference between SOII employment and SOII FTE between 2004 and 2011, i.e., when
employment data are available (see Appendix A).

v

Simulation procedure: Our simulation involves implementing each of the following steps sequentially and

repeating for 10,000 iterations.

Step 1: Prepare baseline SOII employment
data. We draw baseline injury and illnesses
from a normal distribution. The BLS SOII
injury and illness estimate is used as the mean,
and the BLS SOII percent relative standard error
for industry case counts is used as the standard
deviation.

Step 2 (Adjustment 1): QCEW adjustment
for small farms. This adjustment has two
components: the first allows a different
incidence rate for farms with fewer than eleven
employees, and the second includes small farms
by adjusting for the ratio of QCEW
employment to SOII employment.

v

Step 4 (Adjustment 3): CPS adjustment for
self-employed farmers. This adjustment
incorporates self-employed farms and those
with unpaid family members using the CPS. We
draw the CPS total employment and CPS total
wage and salary workers from normal
distributions using the published CPS estimates
as the mean and calculate the standard error
using CPS reliability documentation. The
adjustment is then calculated as the ratio of the
sampled total employed to the sampled wage

Step 3 (Adjustment 2): QCEW adjustment
for government undercount. This adjustment
incorporates the QCEW recognized
employment undercount. The QCEW publishes
an estimate for included and excluded
agricultural workers. Uncertainty is
incorporated by drawing the excluded worker
value from a uniform distribution using the
minimum and maximum excluded workers as
the bounds. The adjustment is calculated as the
ratio of all workers (excluded and included) to
included workers.

and salary workers.

Step 5 (Adjustment 4): Willful and negligent underreporting. We assume that the willful and
negligent underreporting rate is distributed normally and use 27% as the 2.5th percentile and 57% as the
97.5th percentile of the distribution. These bounds are based on an analysis of nonfatal injury and illness
reporting by workers’ compensation and the BLS SOII by Boden and Ozonoff (2008). The adjustment is
then calculated as one divided by one minus the underreporting rate.

Figure 1. Flowchart of adjustment process. This figure outlines the adjustment process we follow to con-
struct estimates of the nonfatal injury and illness rates for agricultural workers.

missing. The second box in figure 1 documents our simulation procedure, which consists
of sequentially applying four adjustments that account for the omission of small farms in
the SOII (adjustment 1), the employment undercount in the QCEW (adjustment 2), the
omission of self-employed farmers and ranchers and unpaid family members in the SOII
(adjustment 3), and willful and negligent underreporting of injuries and illnesses (adjust-
ment 4). We detail each of these steps, including data cleaning and variable creation, in the
remainder of this section.

Step 1: Prepare Baseline SOII Employment Data
Our first step uses information from the SOII on employment, FTEs, the incidence rate
of injuries and illnesses, the number of injury and illness cases, and the percent relative
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standard errors for detailed industry incidence rates and case counts for each year from
2004 through 2019. We limit our analysis to agricultural businesses classified according to
the North American Industry Classification System (NAICS) codes for crop (NAICS 111)
and animal production (NAICS 112).

A limitations is that NAICS classifies businesses based on their primary business activ-
ity, which is typically determined by the U.S. Census Bureau using revenue or value of
shipments. This implies that businesses categorized as crop producers in our study might
also engage in animal production; however, revenues from crop production are larger than
revenues from animal production. The analogous holds true for agricultural businesses that
are also engaged in non-agricultural activities. This distinction is important for our study
because it implies that our findings are specific to businesses categorized according to this
system, rather than for all businesses engaged in crop or animal production. For more detail
on NAICS classifications, see https://www.census.gov/naics/

The BLS SOII provides employment and FTE estimates from 2004 through 2011. After
2011, the SOII stopped reporting employment estimates but continued to report total FTEs.
Employment is a key variable that enables us to link the SOII with other data sources; thus,
our adjustment procedure requires a measure of employment in the SOII for each year. Our
first step involves imputing an estimate of employment for the missing period (2012
through 2019) using reported FTEs. We calculate the mean percent difference between the

SOII FTE count and SOII employment count each year that both are observed, i.e., from
2004 through 2011, and separately for crop and animal production. We then scale the SOII
FTE estimates from 2012 to 2019 using this mean percent difference for each sector. The
key underlying assumption is that the difference between SOII estimates of employment
and FTEs is stable over time.

For the period that SOII provides employment estimates (2004 through 2011), figure 2
shows these reported employment estimates (solid black line) and the SOII FTE estimates
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Figure 2. SOII employment estimates. This figure shows BLS SOII employment estimates from 2004
through 2011 (solid lines), SOII FTE estimates from 2004 through 2019, and imputed employment esti-

mates from 2012 through 2019 (dashed lines).
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(solid gray line) for crop (left) and animal (right) production. The differences between re-
ported employment and FTE estimates vary over this period but do not exhibit a clear trend.
On average, the SOII employment estimates are 10.96% higher than the SOII FTE esti-
mates for crop production and -9.32% lower than the FTE estimates for animal production.
This finding is consistent with the characteristics of the two industries. Due to the season-
ality of crop production, most employees work fewer than FTE hours each year, whereas
in animal production employees often work more than FTE hours (Martin et al., 2016,
2019). The resulting adjustment factors are 1.1096 for crop production and 0.9068 for an-
imal production. Figure 2 shows our imputed employment estimates (dashed black lines)
from multiplying these adjustment factors by SOII annual reported FTEs (solid gray lines)
for the period after the SOII stopped providing employment estimates (2012 to 2019).

Step 2 (Adjustment 1): QCEW Adjustment for Small Farms

Our second step is to adjust to the SOII injury and illness counts to account for the
omission of farms with fewer than eleven employees. We perform this adjustment in two
steps. In the first step, we use QCEW employment estimates for crop and animal produc-
tion to adjust SOII employment estimates to include farms with fewer than eleven employ-
ees. In the second step, we extend the sensitivity analysis of Leigh et al. (2014) to account
for potential differences in injury and illness incidence rates for these smaller farms.

The QCEW is the most appropriate dataset for implementing this adjustment for two
reasons. First, the BLS relies on QCEW employment counts for farms with more than ten
employees to develop their sampling technique for the SOIIL. To ensure that our adjustment
for the omission of small farms is consistent with the underlying BLS approach, we adjust
BLS numbers using the same dataset used in this sampling technique. Second, to the best
of our knowledge, the QCEW is the only publicly available data source with information
on employment for crop and animal production establishments with fewer than eleven em-
ployees. By contrast, the U.S. Census of Agriculture makes this information available in
five-year increments for all agricultural employers (not separated by crop or animal pro-
duction) with one to nine employees and ten or more employees. However, one limitation
to relying on the QCEW for this adjustment is that the QCEW does not include counts of
self-employed or unpaid labor. We account for the omission of these types of workers in
our next adjustment.

Figure 3 shows the QCEW and SOII employment estimates that we use in the first step
of this adjustment. On average over our sample period, the QCEW estimates employment
to be 27% and 39% higher than the SOII estimates in crop and animal production, respec-
tively. For the most recent year in our sample (2019), the employment estimate for crop
production in the SOII is 431,289, roughly 27% lower than the QCEW estimate of 546,211.
For animal production in the same year, the employment estimate in the SOII is 199,164,
roughly 33% lower than the QCEW estimate of 265,193.

Note that small farms may experience different injury and illness rates than large farms.
To account for this, in the second step of this adjustment we use SOII injury and illness
rates for each farm size in each year to construct a small farms incidence rate adjustment.
Because the BLS SOII does not publish incidence rates for farms with fewer than eleven
employees (the SOII publishes injury and illness rates per 100 FTE for the following
groups: 11-49, 50-249, 250-999, and 1000+ employees), we have little prior information
on how the incidence rate for small operations compares to that for larger operations.
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Figure 3. QCEW employment estimates. This figure shows the QCEW employment estimate from 2004
through 2019, the reported SOII employment estimate from 2004 through 2011, and the imputed SOII
employment estimate from 2012 through 2019.

For each year of our study period, we construct upper and lower bounds on the small
farm incidence rate equal to the normalized maximum and minimum injury and illness rate,
respectively, across all farm sizes that year. We assume that the injury and illness rates for
farms with fewer than eleven employees fall within the bounds of the rates for larger oper-
ations. This assumption is reasonable because there is no clear pattern over time in the
injury rates by operation size. For example, injury rates for operations with 250 to 999 em-
ployees tend to fall above rates for operations with 11 to 49 employees and below rates for
operations with 50 to 249 employees.

We normalize the maximum and minimum injury and illness rates by dividing by the
mean incidence rate across all farm sizes. For each iteration in each study year, we draw a
small farms incidence rate adjustment from a normal distribution with the 97.5th and 2.5th
percentiles of the distribution equal to these normalized maximums and minimums, respec-
tively.

We combine the QCEW employment estimate and the small farms incidence rate ad-
justment in each iteration i using the following equation:

14 OCEW Employment — SOIl Employment
SOIl Employment €]

xSmall Farms Incidence Rate Adjustment;

Adjustment1; =

We first calculate the difference between QCEW employment and SOII employment,
which captures the number of farms with fewer than eleven employees, i.e., those missed
by the SOII. We then divide by the number of farms in the SOII sample to estimate the
proportion of farms with fewer than eleven employees relative to the number of farms cap-
tured in the SOII sample. Note that this term in the equation is equivalent to (QCEW Em-
ployment + SOIl Employment) — 1.
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We multiply the small farms incidence rate adjustment by this ratio and add one to ob-
tain our final adjustment factor. We repeat this process 10,000 times for each year and
separately for crop and animal production. In each iteration, we draw a random value of
the small farms incidence rate adjustment from the distribution described above.

Figure 4 shows the distribution of adjustment factors that we estimate from this process.
The median adjustment factor for crop production ranges from a minimum of 1.22 in 2017
to a maximum of 1.34 in 2016. For animal production, the median adjustment factor ranges
from a minimum of 1.31 in 2015 to a maximum of 1.51 in 2005. On an annual basis, the
small farms adjustment factor is larger for animal production than for crop production,
implying that the SOII omission of small farms has a larger impact on the accuracy of
injury and illness rates for animal production than crop production. There is no clear trend
in the adjustment factors for crop production over time, whereas there is a downward trend
for animal production. This suggests that while the omission of small farms in the SOII is
more meaningful for the accuracy of incidence rates in animal production, this effect is
shrinking over time.

Step 3 (Adjustment 2): QCEW Adjustment for Government Undercount

Our third step is to adjust injury and illness rates to account for the agricultural employ-
ment undercount in the QCEW due to the seasonality of agricultural work and the preva-
lence of undocumented workers (Larson, 2000; Leigh et al., 2014). Our second adjustment
factor accounts for this using the ratio of the true number of hired agricultural workers to
the QCEW employment count. We construct the true employment count using QCEW es-
timates of the number of excluded wage and salary workers employed in agriculture each

NAICS 111 Crop Production NAICS 112 Animal Production

Adjustment Factor

ol 45 %%% Pl *%$$ e %HH$%%
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Figure 4. QCEW small farms adjustment factors. This figure shows the distribution of the QCEW small
farms adjustment factor, i.e., adjustment 1, using 10,000 iterations for each year and production type. The
lower and upper bounds of the boxes correspond to the 25th and 75th percentiles and the mid-line corre-
sponds to the S0th percentile. Data sources: SOII FTE 2012-2019 from BLS SOII Table 1; SOII employ-
ment 2004-2011 from Henry Reeve (BLS); SOII incidence rates by employer size from BLS SOII Table Q1;
and QCEW employment from BLS API.
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year (BLS, 2019¢). The QCEW publishes coverage exclusions separately for agricultural
businesses and non-agricultural businesses but does not segment these categories further.

We construct the ratio of the true number of hired agricultural workers to the number
covered in the QCEW by summing the estimated QCEW excluded count and the QCEW
employment count and dividing this total by the QCEW employment count. Because the
QCEW excluded count is an estimate, we account for uncertainty in the true value of this
parameter by applying a simulation procedure. We assume a uniform distribution for the
QCEW excluded count with lower and upper bounds equal to the minimum and maximum
QCEW excluded counts over the study period, respectively.

The estimates of the number of excluded workers in the QCEW are provided annually
and are rounded to the nearest 100,000. During our sample period, we only observed four
distinct values of this estimate ranging from 100,000 to 400,000. Given the lack of infor-
mation, we chose to use a uniform distribution for this adjustment to capture this uncer-
tainty. This is analogous to using an “uninformative” prior in Bayesian statistics.

We calculate the adjustment factor as:

. QCEW Excluded; + QCEW Included
Adjustment2; =
QCEW Included

2

where in each iteration i, we draw an estimate of the QCEW excluded count from the de-
scribed uniform distribution. We repeat this process for 10,000 iterations each year and sep-
arately for crop and animal production. Figure 5 shows the distribution of adjustment factors
estimated by this procedure. The median adjustment factor for crop production ranges from
a minimum of 1.19 in 2017 to a maximum of 1.23 in 2015. For animal production, the me-
dian adjustment factor ranges from a minimum of 1.19 in 2018 to 1.23 in 2015.

Adjustment Factor

2005 2010 2015 2020

Figure 5. QCEW coverage exclusions adjustment factors. This figure shows the distribution of the QCEW
undercount adjustment factor (adjustment 2) for each year. The lower and upper bounds of the boxes cor-
respond to the 25th and 75th percentiles, and the mid-line corresponds to the S0th percentile. Data source:
QCEW coverage exclusions from Table A: Coverage exclusions (2004 to 2019) for selected workers.
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Step 4 (Adjustment 3): CPS Adjustment for Self-Employed Farmers

Our fourth step is to account for the omission of self-employed farmers and ranchers
and unpaid family labor in the SOIIL. Using data from a survey of farmers and ranchers
across seven U.S. states (Iowa, Kansas, Minnesota, Missouri, North Dakota, Nebraska, and
South Dakota), Johnson et al. (2021) found that the nonfatal injury rate for self-employed
farmers and ranchers was higher than the nonfatal injury rates for workers included in the
BLS SOII data.

We use CPS estimates for total employed and total wage and salary workers by industry
to construct our third adjustment factor: the ratio of total employed workers to wage and
salary workers only. This captures the number of self-employed and unpaid family workers
as a proportion of wage and salary workers for both crop and animal production. For this
adjustment, we assume that the injury and illness incidence rate for self-employed and un-
paid family workers is the same as for wage and salary workers.

Because the CPS employment counts are estimates, we again employ a simulation ap-
proach to incorporate uncertainty. We assume that total employment and employment of
wage and salary workers alone are normally distributed around the annual CPS estimates.
To construct appropriate standard errors for these distributions, we use information from
the BLS CPS reliability documentation and parameter and factor tables. We combine this
information with the CPS estimates to calculate approximate standard errors using gener-
alized variance functions. The approximate standard errors calculated using the parameter
and factor tables are based on the sample design.

The parameter and factor tables in the CPS reliability documentation provide aggregate
reliability factors for agriculture and related industries, rather than separating these for crop
and animal production. To estimate standard errors for crop and animal production, we
calculate the standard errors for the aggregate level of “agriculture and related industries”
and then scale the estimated standard error for each crop or animal production industry.
For example, the crop production standard error estimate is equivalent to the “agriculture
and related industries” standard error multiplied by the fraction of crop production employ-
ment over “agriculture and related industry” employment.

We calculate the standard error for each year using the equation recommended in the
CPS technical documentation:

2
se(x; N; f)= fx se(x;N)= [ x ((x+BN)[x—%J 3)

where

x = annual CPS employment estimate

N = total civilian non-institutional population age 16 years and older

f=annual adjustment factor for workers in agriculture and related industries (i.e., this
factor adjusts the monthly standard error to the annual average level)

o and B = adjustment parameters associated with workers in agriculture and related
industries.

We calculate the CPS adjustment factor for self-employed and unpaid family members as:

Total Employed;

“

Adjustment3; =
/ " Wage and Salary Workers;
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where in each iteration i, we draw values for total employment and total wage and salary
workers from a normal distribution with a mean equal to the relevant CPS employment
estimate and a standard error calculated as described above. The adjustment factor for each
iteration is equal to the CPS total employment estimate divided by the CPS total wage and
salary worker employment estimate. We perform 10,000 iterations of this procedure for
each year and separately for crop and animal production.

Figure 6 summarizes the adjustment factors from this procedure. For both crop and an-
imal production, these adjustment factors are shrinking over time, implying that the num-
bers of self-employed and unpaid family member workers are declining over time relative
to the number of hired workers. The median adjustment factor for crop production ranges
from a maximum of 1.68 in 2005 to a minimum of 1.42 in 2019. The decline in the adjust-
ment factor is more pronounced in animal production, where the median adjustment factor
ranges from a maximum of 2.33 in 2004 to a minimum of 1.72 in 2019.

We use CPS employment counts to construct this adjustment factor because they pro-
vide annual counts of self-employed and unpaid family labor for both crop and animal
production separately. CPS counts are provided annually and are comparable year over
year. One limitation is that some self-employed and unpaid workers might not list crop or
animal agriculture as their industry of primary occupation if they were also employed in a
different sector. In this case, the adjustment factor will be too small to completely correct
the undercount self-employed and unpaid workers.

Note that having a non-farm primary occupation means that these individuals work more
hours on the off-farm job than the farm job (BLS, 2021c¢). For example, farm operators for
relatively small farms, those with less than $50,000 in annual sales, who have off-farm jobs
spend an average of 35 hours per week working at their off-farm jobs (Brown and Weber,
2013). This reduces the likelihood that they are injured on the farm compared with a full-
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Figure 6. CPS adjustment for self-employed farmers. This figure shows the summary statistics of adjust-
ment 3 across 10,000 simulations for each year. The lower and upper bounds of the boxes correspond to
the 25th and 75th percentiles. Data sources: CPS employment data from Steven Hipple (BLS) and BLS
reliability estimates.
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time worker because they have less exposure. Moreover, jobs with longer hours have
higher injury rates (Caruso et al., 2004; Dembe et al., 2005).

An alternative data source for the number of self-employed and unpaid workers is the
U.S. Census of Agriculture (CoA), but there are multiple limitations to using these data.
First, the CoA is conducted every five years, rather than annually. Second, information on
the numbers of hired and unpaid workers in crop and animal production is only available
in publicly accessible data for the two most recent censuses (2012 and 2017). This limits
our ability to interpolate annual values for earlier years. Third, while the CoA collects in-
formation on the number of hired and unpaid workers, there is no information on the num-
ber of self-employed operators. For these reasons, we use CPS to compute the adjustment
factor. The resulting bias is likely small and within our measures of uncertainty.

Step 5 (Adjustment 4): Willful and Negligent Underreporting

The final adjustment accounts for willful and negligent underreporting. Using worker
compensation data, Boden and Ozonoff (2008) found that the BLS SOII missed between
27% and 57% of nonfatal injury and illness cases due to willful and negligent underreport-
ing. Several other studies have either estimated or assumed rates for willful and negligent
underreporting. However, apart from Leigh et al. (2014), those studies focused on willful
and negligent underreporting across all industries, rather than agriculture alone. Figure 7
shows the rates reported in prior studies. These rates range from 23% for Bonauto et al.
(2010) to 74% for Lakdawalla et al. (2007).

Rosenman et al. (2006) 1 .

Leigh, Marcin, Miller (2004) 1 .

Leigh, Du, McCurdy (2014) (2) 1

Leigh, Du, McCurdy (2014) (1)1 *

Lakdawalla et al (2007) 1

Bonauto et al. (2007) 1

Boden and Ozonoff (2008) 1

30.0% 40.0% 50.0% 60.0% 70.0%

Figure 7. Summary of prior studies on willful and negligent underreporting. This figure shows the upper
and lower bounds of willful and negligent underreporting found in prior studies. Studies with a single point
provide point estimates rather than ranges of underreporting, whereas some studies provide only a range
of reasonable estimates. Leigh et al. (2014) used (1) a single point estimate of 40% in their main analysis
and (2) performed a sensitivity analysis with upper and lower bounds of 27% and 57%, respectively.

28(3): 181-202 193



In our simulation procedure, we assume that the willful and negligent underreporting
rate follows a normal distribution, with 2.5th and 97.5th percentiles of the distribution
equal to 27% and 57%, respectively. These are the lower and upper bounds estimated by
Bonauto et al. (2010) and applied by Leigh et al. (2014). While these values do not match
the lowest and highest estimates in the literature, they serve as reasonable values for the
lower and upper tails of the distribution. Because these values are not used as strict upper
and lower bounds, they allow the possibility of drawing rates outside this range. The final
adjustment factor in each iteration i is calculated as the inverse of one minus the sampled
underreporting rate. In other words, we estimate:

1

Adjustment 4; = - - 5 (5)
1 = Willful and Negligent Underreporting Rate;

The underreporting rates are estimated identically each year for crop and animal pro-
duction. Estimates of this adjustment factor are stable across time and production type. The
median adjustment factor for crop production ranges from a minimum of 1.83 in 2011 to
a maximum of 1.85 in 2019. For animal production, the median adjustment factor ranges
from a minimum of 1.84 in 2019 to a maximum of 1.85 in 2018.

Results

We sequentially apply each adjustment to the initial draw from the BLS SOII estimates
of injuries and illness for each year in each simulation iteration. Here we report summary
statistics from repeating this procedure for 10,000 iterations. Figure 8 shows the distribu-
tion of estimates of the SOII nonfatal injury and illness undercount rates. We find that the
majority of nonfatal illness and injury cases are missed by the SOII counts. In addition, the
undercount rates are slightly decreasing over time and are consistently higher for animal
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Figure 8. Share of total cases missed by SOII. This figure shows the BLS SOII undercount as a percentage
of total cases missed by the BLS SOII.
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production than for crop production. For crop production, our preferred range of estimates
(from the bottom 2.5% to the upper 97.5% tails of our distribution of estimates) suggests
that the SOII counts missed 73.98% to 79.25% of injuries and illnesses each year from
2004 to 2019. For animal production, our findings suggest that the SOII counts missed
80.2% to 86.91% of injuries and illnesses each year.

Figure 9 shows how each adjustment factor contributes to the total injury undercount
each year. For both crop and animal production, the adjustment for willful and negligent
underreporting is the largest contributor to the SOII injury and illness undercount, account-
ing for 52.54% to 56.93% of the undercount each year for animal production and 57.57%
and 61.78% of the undercount each year for crop production. The CPS adjustment for self-
employed and family workers is the second largest contributor to the undercount, account-
ing for 24.57% and 31.54% of the undercount for crop production and animal production,
respectively. The QCEW adjustments for the omission of small farms and government em-
ployment account for the remainder of the SOII undercount, accounting for at most 18.59%
and 14.90% of the missed SOII cases for crop and animal production, respectively. The
relative contribution of these factors is fairly stable across time, with a slight increasing
trend in the role of willful and negligent reporting (particularly for animal production) and
a slight decreasing trend in the role of excluding self-employed and family labor from the
injury counts.

Figure 10 shows the final distribution of our adjusted nonfatal injury and illness counts
for crop and animal production. The median estimates of adjusted agricultural injuries and
illnesses decline between 2005 and 2010, increase from 2010 through 2015, and begin to
decline again after 2015. Overall, the distribution of estimates suggests that 95% of the true
annual counts of injuries and illnesses from 2004 to 2019 lie between 60,000 and 150,000
in crop production and between 43,000 and 130,000 in animal production. In 2019, the
most recent year in our study, our distribution of estimates suggests that there were between
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Figure 9. Proportion of total cases missed in BLS SOII by adjustment type. This figure shows the role of
each adjustment factor in the total injury undercount each year. Values for each adjustment factor indicate
the proportion of the estimated missed injury and illnesses that each factor accounts for in the indicated
year. Percentages are calculated using the annual mean of missed injuries and illnesses across our
10,000 simulation iterations.
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Figure 10. Final adjusted agricultural injury and illness estimates. This figure shows the distributions of
the final adjusted injury and illness estimates each year for crop and animal production. The lower and
upper bounds of the boxes correspond to the 25th and 75th percentiles, respectively.

61,000 and 102,000 injuries and illnesses in crop production and between 46,000 and
81,000 injuries and illnesses in animal production. By comparison, the 2019 BLS SOII
injury and illness point estimates were 21,000 and 12,300 for crop and animal production,
respectively.

Discussion and Conclusions

This study constructed adjusted occupational injury and illness estimates for U.S. work-
ers employed in crop and animal production from 2004 through 2019. Our study extends
prior work by Leigh et al. (2014) to span a longer period and incorporate uncertainty.
We estimate that from 2004 through 2019, the BLS SOII estimates miss an average of 77%
of injuries and illnesses in crop production and 83% in animal production. Overall, our
distribution of estimates suggests that the true rates of injuries and illnesses during this
period range from 60,000 to 150,000 for crop production and from 43,000 to 130,000 for
animal production. For both crop and animal production, willful and negligent underre-
porting accounts for the majority of the total undercount. Over the study period, approxi-
mately 60% and 55% of the total undercount is attributed to willful and negligent underre-
porting for crop and animal production, respectively. We find that the BLS SOII counts
become more accurate over our study period and show that this is largely driven by a de-
cline in the prevalence of self-employed and family member workers employed in agricul-
ture, who are a key group omitted from the BLS SOII counts.

This finding is consistent with work by economists at the USDA Economic Research
Service. Hoppe et al. (2010), MacDonald and Hoppe (2017), and MacDonald et al. (2018)
found that agricultural production has been shifting from relatively smaller scale to larger
farms over the period we consider. Technological advancements in agriculture have al-
lowed farms to standardize production, and thus farms can reduce their average cost of
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production as they increase output, which has led to large farms financially outperforming
smaller farms (Burns and MacDonald, 2018). This shift to larger farms is an important
driver of the decline in the total number of farms (MacDonald et al., 2018). This decline in
the total number of U.S. farms is linked with fewer self-employed, unpaid, and hired work-
ers (Kassel, 2021; Wang et al., 2022). Relevant to our findings, the hours worked by self-
employed and unpaid family workers have fallen more than the hours worked by hired
workers (Martin, 2022).

Our study produces more accurate estimates of injuries and illnesses in agriculture that
are consistent over time. Inaccuracies in the current estimates have multiple important ram-
ifications for social welfare. First, understating the true rates of injuries in the industry will
likely result in too few or misdirected policy solutions aimed at reducing workplace health
and safety. Accurate estimates are vital for appropriately allocating funds and targeting
policy solutions. Misdirected policy solutions can result in preventable injuries and ill-
nesses, with direct negative implications for agricultural workers, consisting of negative
health ramifications and lost income, and indirect negative implications for the welfare of
society, consisting of the high costs associated with treatment, compensation, and lost
productivity (Baidwan et al., 2021; Leigh et al., 2001; NIOSH, 2006). Second, evaluating
the effectiveness and economic efficiency of existing worker safety laws requires accurate
information on the prevalence of injuries and illnesses. Undercounting the rates of nonfatal
injuries may overstate the effectiveness of past government policies at improving working
conditions. The estimates developed in this study can be used by researchers to produce
better estimates of the impacts of government policies, thereby informing the policy-mak-
ing process and enhancing the well-being of the U.S. agricultural workforce.
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Appendix A

SOII Employment and FTE Estimate Time Trend Analysis

The underlying assumption of the SOII FTE estimate adjustment is that the percent dif-
ference between the SOII employment estimates and FTE estimates are relatively constant
over time. To evaluate this assumption, we perform a sensitivity analysis by regressing the
percent difference between SOII employment and SOII FTE against a time trend. Table Al
presents the results of the time trend analysis for each industry. For crop production, the
coefficient on the time trend is not significant, which supports the assumption that the
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Table Al. SOII employment and FTE estimate time trend analysis.

Crop Production (%) Animal Production (%)
Estimate 0.007928049 -0.007594915
Standard error 0.005107032 0.002596568
t-Statistic 1.552379 -2.924982
p-Value 0.1715588 0.0264592

scaling factor is reasonable. For animal production, there is a negative coefficient on the
time trend that is significant at the 5% level.

Appendix B

Detailed Data Sourcing Process
When possible, data were sourced directly from the BLS API (https://www.bls.gov/devel-
opers/) using an R script.

SOII Data

Number of injuries and illnesses per 100 full-time workers:

e BLS API Series ID for crop production:

ITUNRM11100061100 (used for years 2004 to 2013)
ISUNRM11100061100 (used for years 2014 to 2019)
e BLS API Series ID for animal production:
ITUNRM11200061100 (used for years 2004 to 2013)
ISUNRM11200061100 (used for years 2014 to 2019)

e BLS Table 2: Numbers of nonfatal occupational injuries and illnesses by industry and
case types, NAICS 111 (crop production) and NAICS 112 (animal production), total
recordable cases.

Relative standard errors for number of injuries and illnesses:

e BLS API Series ID for crop production:

ITUNRM11100060100 (used for years 2004 to 2013)
ISUNRM11100060100 (used for years 2014 to 2019)
e BLS API Series ID for animal production:
ITUNRM11200060100 (used for years 2004 to 2013)
ISUNRM11200060100 (used for years 2014 to 2019)

e BLS Table A-2: Percent relative standard errors for numbers of nonfatal occupational
injuries and illnesses by industry, NAICS 111 (crop production) and NAICS 112 (an-
imal production), total recordable cases.

Incidence rates of nonfatal occupational injuries and illnesses by industry and case type:

e BLS API Series ID for crop production:

ITUNRMI11100031100 (used for years 2004 to 2013)
ISUNRM11100031100 (used for years 2014 to 2019)
e BLS API Series ID for animal production:
ITUNRM11200031100 (used for years 2004 to 2013)
ISUNRM11200031100 (used for years 2014 to 2019)

e BLS Table 1: Incidence rates of nonfatal occupational injuries and illnesses by indus-
try and case types, NAICS 111 (crop production) and NAICS 112 (animal production),
total recordable cases.

SOII employment data:

e Henry Reeve, BLS, personal communication 5 February 2021
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e  SOII number of full-time employment: Calculated based on the footnote in BLS Ta-
ble 1: “The incidence rates represent the number of injuries and illnesses per 100 full-
time workers and were calculated as: (NV/EH) x 200,000, where N = number of injuries
and illnesses, FH = total hours worked by all employees during the calendar year, and
200,000 = base for 100 equivalent full-time workers (working 40 hours per week,
50 weeks per year)”.

Injury rates by industry size:

e BLS API Series ID for crop production (used for years 2014 through 2019):

ISUNRMI111000E1100 (11-49 employees)

ISUNRM111000K 1100 (50-249 employees)

ISUNRM111000Q1100 (250-999 employees)

ISUNRM111000W1100 (1000+ employees)

e BLS API Series ID for animal production (used for years 2014 through 2019):

ISUNRM112000E1100 (11-49 employees)

ISUNRM112000K 1100 (50-249 employees)

ISUNRM112000Q1100 (250-999 employees)

ISUNRM112000W1100 (1000+ employees)

e BLS Table QI (used for years 2004 through 2013): Incidence rates of total recordable
cases of nonfatal occupational injuries and illnesses by quartile distribution and em-
ployment size, private industry, NAICS 111 (crop production) and NAICS 112 (ani-
mal production), average incidence rates for all establishments (mean).

QCEW Data

QCEW employment data were sourced from the BLS API. For crop production, the Series
ID was ENUUS000105111. For animal production, the Series ID was ENUUS000105112.
QCEW coverage exclusion data were sourced from https://www.bls.gov/cew/publica-
tions/employment-and-wages-annual-averages/.

CPS Data

CPS employment data:

e Table 4. Employed and experienced unemployed persons by detailed industry and
class of worker, provided by Steven Hipple, BLS, personal communication, 24 Febru-
ary 2021.

Sensitivity parameter values:

e Sourced from https://www.bls.gov/cps/parameters-and-factors-for-calculating-stand-
ard-errors.xlsx

e Table PF-8 for class of worker “Agriculture and related industries” and “Wage and
salary workers” for parameters o and B, and the yearly averages factor value.

Sensitivity, other required values:

e  All other required values that go into the standard error formula were sourced from the
CPS employment data table provided by Steven Hipple using the industries “Agricul-
ture, forestry, fishing, and hunting” and “Total, 16 years and over”.
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