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Research Summary: Overview of Comparative Injury Risk Between
Annual Corn and Perennial Switchgrass Production

A probabilistic risk assessment model has been created to compare
estimated worker injury risk of corn vs switchgrass production.
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Introduction

Switchgrass is a perennial crop alternative for biofuel production on marginal land in the U.S.
Cornbelt. Estimating change in worker injury risk moving from corn to switchgrass production
would be helpful before major production changes occur.

Safety risk assessment in agriculture has been limited for whole production systems and across
regions. A comparative risk assessment model between corn and switchgrass has been
developed that makes use of limited agricultural injury data. The assessment uses published
USDA and Bureau of Labor Statistics (BLS) data along with Midwestern U.S. data on injuries with
various pieces of farm equipment.

Injury Risk Model

The model develops a probability distribution of agricultural worker exposure to specific machines
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and processes, and couples this with a probability of injury distribution relating to specific
machines. A more complete description of the modeling method is in Ryan et al., 2016.
Probability of exposure is developed by Midwestern state and enterprise (corn or
switchgrass) from USDA Ag Census data using acres of corn or grass crops (e.g. hay,
grass forage). Probability of injury is developed from state and enterprise (corn or
switchgrass) injuries and the number of farms, assuming one worker (farmer) per farm.

Figure 1. Harvesting switchgrass. Photo: CenUSA

Comparing a perennial crop (switchgrass) to an annual crop (corn) requires a multi-year
evaluation, in this case ten years (equaling the assumed life of a switchgrass planting).
Exposure scenarios during production are divided into establishment/seeding (March -
May), mid-season management (May - September; e.g. pest control), and harvest
(September - November). Although corn is planted and harvested each year, switchgrass
is planted the first year with an assumed replanting activity of 50% of the area the second
year. Switchgrass harvest begins with an assumed harvest of 50% of the area during the
second year, but harvest of 100% of the area thereafter (years 3 - 10).

Injuries by agricultural machine type and month have been reported by Gerberich et al.
(1998) for several Midwestern states. Gerberich et al. reported 83.44% of total annual
injuries occurred during the March — November period, the period of interest for
establishment through harvest. Distribution of injuries by machine type (e.g. planter
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combine, baler) were calculated as a percentage of all agricultural related injuries by state
for specific years. For total injuries, BLS agricultural injury counts (1996-2011) were
selected as most consistent and representative data available. These annual statewide
counts were multiplied by the injury distribution percentage by machine for individual
states (i.e., Indiana planter, Wisconsin baler) to obtain a range of injuries due to various
machines in various states for various years. Probability of injury for any combination of
machine type by state and by year, equaled the number of injuries divided by the number
of exposed workers to that machine operation. Total exposed workers equaled the number
performing that operation in the state that year (as based on USDA Ag Census data,
assuming one worker per farm and allocating machine operations to various crops).

Individual machine operations were placed within the appropriate exposure scenario
(establishment, management, or harvest) to group machine activities rather than imply
precise measurement of risk with any single machine. The combination of estimated
probability of injury and probability of exposure from a range of years and locations
(states) allows use of a stochastic (Monte Carlo type. See
https://en.wikipedia.org/wiki/Stochastic simulation#Monte Carlo simulation) simulation
model to capture the range of risk considering all possible values of year, location, and
machines across the Midwestern U.S. for which data are obtained.

Comparing Injury Risk in Corn and Switchgrass Production Systems

Random chance was used to select various combinations and calculate worker injury risk
(likelihood of injury given that exposure to a machine hazard has occurred) for 500,000
runs, each over a 10-yr period, using the exposure and injury data developed for the
model. A frequency distribution of worker risk for establishment, management, and
harvest was constructed to identify the greatest contributing factor to worker risk in each
system as well as the comparative overall risk difference between switchgrass and corn
production systems in the Midwestern U.S.

Figures 2 and 3 show frequency distributions of worker injury risk, respectively for corn
and switchgrass production, during establishment, management, or harvest periods from
500,000 runs of randomly selected exposure and injury data across years and locations.

Harvest activity has the greatest worker injury risk in both corn and switchgrass
enterprises with a mean risk for injury during the ten year life cycle of 137 per 100,000
workers for corn and 101 per 100,000 workers for switchgrass. Establishment (tillage and
seeding) is the next greatest risk for worker injury in corn as it is seeded and established
each year. Conversely for switchgrass production, worker injury risk during establishment
is lower than risk during the management period as seeding occurs only the first year and
again partially the second year. Management occurs each year during the ten-year life
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cycle of annual corn and has a smaller worker injury risk than harvest and establishment.

Worker Injury Risk of Corn Operations
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Figure 2. Worker injury risk frequency distributions for corn establishment,
management, and harvest operations.
Worker Injury Risk of Biofuel Switchgrass Operations
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Figure 3. Worker injury risk frequency distributions for biofuel switchgrass
establishment, management, and harvest operations.

The comparative risk of worker injury for switchgrass production as compared to corn
production summing all three exposure scenarios of establishment, management, and
harvest is shown as a frequency distribution of all 500,000 runs developed from random
combinations of years and locations. Injury risk was less for switchgrass production in
99% of the cases (i.e., runs).
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Corn Production Worker Injury Risk Subtracted from Biofuel Switchgrass
Production Worker Injury Risk Frequency Distribution
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Figure 4. Difference between switchgrass and corn worker injury risk
frequency distribution for 500,000 variations of years and location. Injury
risk was less for switchgrass production.
Summary

Limited data are available to estimate agricultural worker injuries. A probabilistic
risk assessment model to estimate worker injury risk has been developed using
USDA and Bureau of Labor Statistics (BLS) data of farming operations and worker
injuries.

Data imply harvest is more prone to injury risk than crop establishment or mid-
season management activities. Annual corn production is estimated to have greater
injury risk than perennial switchgrass production, in part due to annual required
seeding establishment.
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. . . and justice for all

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and
activities on the basis of race, color, national origin, gender, religion, age, disability, political
beliefs, sexual orientation, and marital or family status. (Not all prohibited bases apply to all
programs.) Many materials can be made available in alternative formats for ADA clients. To
file a complaint of discrimination, write USDA, Office of Civil Rights, Room 326-W, Whitten
Building, 14th and Independence Avenue, SW, Washington, DC 20250-9410 or call 202-
720-5964.

Iowa State University Extension programs are available to all without regard to race, color,
age, religion, national origin, sexual orientation, gender identity, genetic information, sex,
marital status, disability, or status as a U.S. veteran. Inquiries can be directed to the
Director of Equal Opportunity and Compliance, 3280 Beardshear Hall, (515) 294-7612.
Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in
cooperation with the U.S. Department of Agriculture. Cooperative Extension Service, Iowa
State University of Science and Technology, Ames, Iowa.

USDA This project is supported by Agriculture and Food Research Initiative Competitive

www.cenusa.iastate.edu
>-/"‘ Grant No. 2011-68005-30411 from the National Institute of Food and Agriculture.


https://abe.psu.edu/directory/djm13

	Table of Contents
	Introduction
	Injury Risk Model
	Comparing Injury Risk in Corn and Switchgrass Production Systems
	Summary
	References
	Contributors to this Research Summary
	Authors
	Peer Reviewer



