|

7/ “““\\\ A ECO" SEARCH

% // RESEARCH IN AGRICULTURAL & APPLIED ECONOMICS

The World’s Largest Open Access Agricultural & Applied Economics Digital Library

This document is discoverable and free to researchers across the
globe due to the work of AgEcon Search.

Help ensure our sustainability.

Give to AgEcon Search

AgEcon Search
http://ageconsearch.umn.edu
aesearch@umn.edu

Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only.
No other use, including posting to another Internet site, is permitted without permission from the copyright
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C.


https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu

A GIS Approach to Measuring Economic Costs of Integrated Pest Management Tools in Rice
Processing Facilities

Li Niu, Brian D. Adam, Frank Arthur, and James Campbell*

Contact email: Brian.adam@okstate.edu

Selected Paper prepared for presentation at the Agricultural & Applied Economics
Association’s 2013 AAEA & CAES Joint Annual Meeting, Washington, D.C., August 4-6, 2013

Copyright 2013 by Li Niu, Brian Adam, Frank Arthur, and Jim Campbell. All rights reserved.
Readers may make verbatim copies of this document for non-commercial purposes by any
means, provided that this copyright notice appears on all such copies.

- Niu is Graduate research assistant, and Brian Adam is professor, Dept. of Agricultural Economics, Oklahoma State
University. Frank Arthur and Jim Campbell are Research Entomologists CGAHR, Manhattan, KS.



Title: A GIS Approach to Measuring Economic Costs of Integrated Pest Management Tools in
Rice Processing Facilities

Abstract

Methyl bromide is a commonly used fumigant for controlling insects in food processing facilities.
However, it has been designated as an ozone depleter and is becoming less available and more
costly. Integrated pest management (IPM) is an alternative, and may additionally reduce
insecticide resistance, improve worker safety, and reduce environmental concerns and consumer
concerns about pesticide residuals. However, little is known about the costs and efficacy of IPM
in food processing facilities. Here, we consider several IPM approaches and measure both the
treatment costs as well as the costs of failing to control insects for each approach. The results

will provide managers economic information to choose a better insect control method in their
goal of producing wholesome, pest-free and profitable products.

Key Words: insect control, integrated pest management, rice processing facilities,
conventional fumigation

Introduction/Background

Rice consumption in the United States has increased dramatically over the last decade (Batres-
marquez, Jensen, and Upton, 2009). As rice consumption increases, quality of the rice and
wholesomeness (pest-free) are increasingly important in rice milling. Insect infestation during

grain storage and processing has caused billions dollars of damage annually (Curperus and
Krischik, 1995).

For many years, fumigants and residual insecticides have been used to control insects for
grain products. Methyl bromide is the most important component of insect control management
in rice mills and other processing facilities. But now, the fumigant methyl bromide is being
phased out and restricted by regulations because it has been designated as an ozone depleter
(Ristaino and Thomas, 1997). The loss of that fumigant, together with increased concerns about
worker safety and insects developing resistance to insecticides, has led to an intensive search for
alternatives, including IPM. Use of IPM could also increase consumer satisfaction and worker
safety, reduce environmental concerns and insect resistance to pesticides. Two important

elements of IPM are monitoring-based decision making and multiple control strategies
(Campbell et al., 2004).

McKay et al. noted that an integrated approach to insect pest management that has been
advocated for the wheat milling industry, combining the use of sanitation, aerosol insecticides,
and residual surface treatments, can also be applied to rice mills. IPM approaches offer the
potential to either completely eliminate the need to fumigate or to reduce the frequency of
fumigation. However, there are few studies of the economic feasibility of IPM in rice processing
facilities.



Objectives

The purpose of this paper is to determine the least cost combination of insect control methods
that will achieve the desired level of insect control in rice processing facilities. Specifically, this
study will compare the cost of conventional fumigation and IPM method. The costs include
treatment cost, shutdown time cost and the cost of failing to control insects.

Conceptual Framework
A mill operator chooses insect control strategies to minimize expected costs, subject to a
maximum amount of insects observed in insect traps at strategic locations within the mill.

Min E(C) = TC + E(SC) + E(FC) (1)
s.t. # of insects 1 p <=k

where:

E(C) = expected total cost of a particular strategy;

TC = treatment cost of the strategy;

E(SC) = expected shutdown costs of the strategy;

E(FC) = expected “failure-to-control” costs of the strategy

Cost is minimized by choosing quantity of treatment b at location / in time ¢ (QTR; ;). The

following graphs describe the relationship between Treatment Cost (7C),
Shut-down cost E(SC), and Failure-to-control” cost E(FC), and Quantity of Treatment (QTR}, ;).

Treatment Cost vs. QTR 1,

OTRy, 1,
Figure 1. Treatment Cost vs. QTR ;;

Figure 1 shows that as quantity of treatments increases, treatment cost increases. Figure 2 shows
that as quantity of treatments increase, cost of failure to control insects decreases, since
presumably increased quantity of treatments kills a greater number of insects.
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Figure 3. Shut-down cost vs. QTR

Figure 3 shows that as quantity of treatments increases, the cost of shutting down the mill
increases — this is especially true if the treatment is fumigation, and to some extent with
application of aerosols.

The observations and the predicted number of insects can be displayed in a GIS contour map.




Yearly Treatment Costs

TC == FMC + z z z QTRb,l,t * TRCb,l
b l t

where:

FMC is the fixed insect monitoring cost, if IPM is used. It includes the costs of traps and the
installation costs of the traps

b = treatment

t=weeks 1to 52

[ = location of each trap

OTR},, 1s quantity of treatment b at location / and time ¢.

TRC}, is treatment b’s cost per unit at location / (b could represent insect monitoring, aerosols,
space spray, structure modification, sanitation, cooling, extreme temperature treatments, surface
pesticide treatments, fumigation, etc.)

Shutdown Time Costs

E(SC) = z z z DTRb,l,t * SCDb,l
b l t

where DTRy,;; = f(OTRy,1,) = # of days of shutdown required for treatment b at location / & time z.
SCD;,; = shutdown cost per day with treatment b at location / (opportunity cost).

Failure-to-control Costs
B(FC) = ) ) > hl¥iea)
l t k

PYyi) = 9QTRy1) = PP (XLEK ) ) > > hl¥ie)
l t k

Y= g(OTRb,Ltk) =PP(Ltk) - Xp (QTR ek * EFF k)

At time t, by monitoring the traps we can estimate the number of type k insects caught by the
trap at location / and time #. is the predicted population of insect k£ without any treatment at time
t+n. is the predicted population of insect with treatment at time #+n based on

k here stands for the type of insect.(such as k=1 refer to red flour beetle)
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The expected failure-to-control cost is a function of estimated number of insects remaining from
each treatment; this function varies by location.

Methods

The work will be done in three steps. The first step is to estimate the cost of each component
of every insect control method in rice processing facilities using an economic-engineering
approach. The second step is to estimate the benefits as a negative cost of the insect control
methods. Third and last one is to determine the least cost combination method.

We have to estimate the costs of three methods of pest control: 1) Fumigation with Methyl
Bromide. 2) Fumigation with Sulfuryl Fluoride (ProFume). 3) IPM approaches including
sampling and monitoring red flour beetles, aeration, sanitation and treatment of residual
insecticides or with aerosols. (For now the IPM approaches still has not been decided yet, we
have to estimate every treatment cost). Treatment cost for each strategy was estimated using an
economic-engineering approach. Cost components include equipment, labor, chemicals,
electricity, rice weight lost, downtime cost and safety training. An Arkansas rice mill with 3
floors and 4,000 ft* about 30,000m’, is assumed.

These three strategies must achieve the desired level of pest control in rice processing facilities
The data determined are: labor needed for fumigation, wages paid for labor, training needed for
workers, differences in power use, equipment fee and shutdown loss. Table 2-4 show cost
estimates of components of typical treatment.The strategy which has the smallest E (C j) will be
the optimal insect control methods.



Table 2. Economic-engineering costs of fumigating insects in rice processing facilities with
Methyl Bromide. ($/year)

Fumigation cost components Rate $/year

Fixed
Liability insurance
Fumigation training
(training hours/employee) * # employee
*labor cost + training fee
Fumigation equipment
($3800 amortized at 10% over 10 yrs +
insurance
+ maintenance)
Twice a year
Labor
2 people , 3 h per 10,000 m® @$16/h
Twice a year
Fumigant
(120 tablets/27.19 m®) *$0.043/tablet

Grain lost in turning
0.25% * annual grain output ($)

Twice a year
Turning electricity
$0.10/kWh * 250kWh/10,000 m® (3h * 83kW/h)

Twice a year
Shut down cost
Revenue daily loss ($)* # days shutdown

Total cost (30,000 m)




Table 3. Economic-engineering costs of fumigating insects in rice processing facilities with
Sulfuryl Fluoride. ($/year)

Fumigation cost components Rate $/year

Fixed
Liability insurance
Fumigation training
(training hours/employee) * # employee
*labor cost + training fee
Fumigation equipment
($3500 amortized at 10% over 10 yrs +
insurance
+ maintenance)

Labor
2 people , 3 h per 10,000 m*> @$17/h

Fumigant
(90 tablets/85.62 m®) *$0.059/tablet

Grain lost in turning
0.23% * grain price (135$/ m’)

Turning electricity
$0.10/kWh * 210kWh/10,000 m® (3h * 70kW/h)

Shut down cost
Revenue daily loss ($)* # days shutdown

Subtotal cost (30,000 m®)

Table 4

Economic-engineering costs of IPM methods for insects in rice processing facilities. ($/year)

Sampling and monitoring cost components
Labor involved in sampling traps and recording data + equipment

Sanitation
Labor + equipment + electricity

Aeration
Labor + equipment + electricity

treatment of residual insecticides or with aerosols




Subtotal cost

Methods

The work will be done in three steps. The first step is to estimate the cost of each component
of every insect control method in rice processing facilities using an economic-engineering
approach. The second step is to estimate the benefits as a negative cost of the insect control
methods. Third and last one is to determine the least cost combination method.

We have to estimate the costs of three methods of pest control: 1) Fumigation with Methyl
Bromide. 2) Fumigation with Sulfuryl Fluoride (ProFume). 3) IPM approaches including
sampling and monitoring red flour beetles, aeration, sanitation and treatment of residual
insecticides or with aerosols. (For now the IPM approaches still has not been decided yet, we
have to estimate every treatment cost). Treatment cost for each strategy was estimated using an
economic-engineering approach. Cost components include equipment, labor, chemicals,
electricity, rice weight lost, downtime cost and safety training. An Arkansas rice mill with 3
floors and 4,000 ft* about 30,000m’, is assumed.

These three strategies must achieve the desired level of pest control in rice processing facilities
The data determined are: labor needed for fumigation, wages paid for labor, training needed for
workers, differences in power use, equipment fee and shutdown loss. Table 2-4 show cost
estimates of components of typical treatment.

On the benefits side, it will focus on the IPM approach. This strategy has 3 advantages: 1) less
pesticide residual and less effect on environmental; 2) protect worker safety; 3) avoid insect
resistant. We have to find the number that the consumers are willing to pay more for products
under a reduced chemical usage management plan.

The strategy which has the smallest E (C j) will be the optimal insect control methods.



Data and Procedure

The data is collected from several rice mills in Arkansas, Texas, and Louisiana. Cost of traps and
their installation in strategic locations within a facility and the costs of monitoring those traps
and counting insects, costs of surface pesticide treatments, sanitation, aeration, sealing structure,
aerosols and space sprays are key parts of the data. Economic engineering costs of these tools
will be estimated for several intensities of insect management, following procedures by Mah
2004 and Su 2011. Red flour beetle is the target insect because of the significant damage it
causes in rice (McKay et al. 2010).

Costs of failing to control insects may vary by location within the processing facility; for
example, insects in locations closer to processing stages near the final product may cause greater
costs than insects near earlier stages of processing. A Geographic Information Systems (GIS)
model that considers the proximity of insects to sensitive areas and the costs of infestation in
those areas will be used to measure the costs of failing to control insects for each of several
insect control methods. For example, darker areas in the contour map at the right (from Campbell
et al. 2004) show increased levels of insect activity. Contours such as these will be paired with
economic data to model economic pressure and measure cost of failing to control insects.

Results and Discussion

An IPM approach such as that modeled here may have higher costs of implementation and
require significant expertise in evaluating trap counts. However, while whole-plant methyl
bromide fumigation are often effective, they typically involve significant shutdown costs in the
form of lost revenue. As methyl bromide becomes less available, though, and more costly, it will
be even more important that IPM approaches are used as effectively as possible. Little
information exists on costs of IPM in processing facilities. The results will provide critical
information for managers in determining the kinds and intensities of insect control methods they
will need. The GIS approach should prove very helpful in similar applications in other
processing industries, because of the heterogeneous nature of insect growth environments, along
with the high costs of insect infestation in especially sensitive areas within processing facilities.

References

Adam, B. D., M. Siaplay, P. W. Flinn, B. W. Brorsen, and T. W. Phillips. 2010. “Factors
influencing economic profitability of sampling-based integrated pest management of wheat
in country elevators” q. Journal of Stored Products Research, 46(3), 186-196. Accessible at
http://doi:10.1016/j.jspr.2010.04.004



Batres-marquez, S. P., H. H. Jensen, and J. Upton. 2009. “Rice Consumption in the United States:
Recent Evidence from Food Consumption Surveys.” J Am Diet Assoc. 2009;109:1719-1727.

Campbell, J. F., F. H. Arthur, et al. 2004. “Insect Management in Food Processing Facilities.”
Advances in Food and Nutrition Research, Volume 48: 239-295.

Campbell, J.F., Mullen, M.A., 2004. “Distribution and dispersal behavior of Trogoderma
variable and Plodia interpunctella outside a food processing plant.” Journal of Economic
Entomology 97, 1455-1464.

Cuperus, G., and V. Krischik. 1995. “Why Stored Product Integrated Pest Management is
Needed.” In Krischik, V.,Cuperus, G., Galliart, D. (eds) Stored Product Management..
Oklahoma State University Stillwater, Oklahoma: Cooperative Extension Service Circular
E-912, Oklahoma Cooperative Extension Service 1995: p. 199.

Mah, P.M. 2004. “Cost of controlling (or failing to control) insects in stored grain: a comparison
of chemical-based and integrated pest management strategies.” M.S. thesis, Oklahoma State
University.

McKay, Tanja, Thomas E. Reagan, F. Arthur, J. F. Campbell, B.D. Adam, L. Wilson, and Y.
Yang. 2010. “Integrated Pest Management Programs to Reduce Reliance on Methyl
Bromide Fumigation in Rice Mills.”.A proposal funded by USDA-NIFA.

Ristaino, J. B., & W.Thomas. 1996. “Agriculture, Methyl Bromide, and the Ozone Hole.”(OLE.
Plant Disease, 81(9).

Su, Lianfan. 2011. “Costs and Benefits of Stored Rice Insect Management Methods.” Ph.D.
Dissertation, Oklahoma State University.



