|

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

AUSTRALIAN AGRICULTURAL &
RESOURCE ECONOMICS SOCIETY

A AARES

Understanding the economic trade-offs in resistance
management

Russell Gorddard

Contributed presentation at the 60th AARES Annual Conference,
Canberra, ACT, 2-5 February 2016

Copyright 2016 by Author(s). 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.



A

Understanding the economic trade-offs

in resistance management

Russell Gorddard

Australian Agricultural and Resource Economics Society Conference, Canberra
5th Feb 2016

LAND AND WATER &




Focal question

How much should producers spend
to
delay the build up of resistance?




Resistance management presents
complex economic trade-offs

e Economic intuition may be too simple and miss important trade-offs

e Optimisation models may mislead
— black box complex relationships
— include poorly understood and uncertain relationships

* Need simple models that guide intuition




A steady state model of the
benefits and costs of a resistance management (RM)
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Benefits and costs of a delaying resistance one year

NPV = (V — ¢(T))T
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Simple economic logic drives the optimal delay
time (T)
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With ¢’(T) = a constant (k) c(T) = (0, k(T — to))




Should we apply more or less RM effort?

MR = MC
(V—c(T)) =c'(T)T

Need estimates of:

oV v value of the crop relative to the best option under resistance
e ¢(T) v"  the annual cost of resistance management
o T v'? the expected time to resistance build up

e c'(T) ?  the annual cost of delaying resistance an extra year




How to identify all direct and indirect effects of
RM on profit in 5 easy steps!
NPV (xp, x) = [V = c(xn, Xp, sy ) IT (xp, X, )

1. Specify detailed objective function

nsus — n(xh; x’l‘) - 2. Specify steady state functions of intermediate variables

*
xh —_ xh (xr, . ) - 3. Specify other choice variables as a function of resistance management

4. Sub 2&3 into 1 and take derivative with respect to a change in RM

' 4

ONPV(.) ) dxp, N dcY dxy, - ac” N acY [ dn N on dxp
ox, 4 0x, 0xy 0x, 2 dx, On \0x, 0xj0x,
0T dx;, 0T OT(0n dx, On
+[V —c()]
dx, 0x, 0x, On\Jdx,dx, 0Jx,

L 5. This is the complete set of ways in which resistance
management affects returns




Example of indirect effects

dcY on dxy,

an dxy 0x,

. Change in optimal herbicide use

With a change in resistance management

. Change in weed population

with the change in herbicide use

Change in revenue (yield) due to change in
weed population




Importance of different effects of resistance
management on profitability

Effect of resistance management (RM) ONPV()_ Moth resistance to | Ryegrass resistance to
0%y Bt toxins in Cotton | herbicides in Wheat
The cost of change in purchases of RM inputs. —-T(.)c,
The cost to production from change in RM acY
-T(.) I

The cost of change in purchases of pest control input with a Jdxp
change in RM —TC)py ax,
The costs to production due to change in pest control inputs with ac? 0xy,
a change in RM - (')a_xhaxr
The cost to production due to changes in pest population due to dcY on
changes in RM N (')%a_xr
The cost to production with changes in pest populations due to dcY on dxp,
changes in pest control use made in response to changes in RM —T() on 0xy, Ox,
The value of delay in time to resistance due to the change in pest oT dxy,
control use with RM. [1—c(] 9x, 9x,
The value of delay in time to resistance due to the direct effect of oT
RM [1—c()] T

T
The value of delay in time to resistance due to RM influencing oT dn 9x,
pest control and therefore pest populations [1—c()] %O_Xh 9x,

The value of delay in time to resistance due to the effect of RM on
susceptible pest populations

[ - c()] [ﬂ on

on ox,




Criteria for optimal refuge for insect resistance
management

|1 —ax] = aT(x)Ax

a relative cost of refuge

X proportion of land in refuge

Ax increase in refuge required to delay resistance one year
T time to resistance build up




The marginal increase in refuge to delay
resistance one year is relatively constant
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Optimal annual expenditure on resistance
management with linear annual costs c(T)
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Optimal control of resistance in weeds

MR = MC
aT acY dc”\ 0xy,
V—c(. =T()|c, + +|cy +
Need estimates of:

Vv value of the crop relative to the best option under resistance
c(T) the annual cost of resistance management
dT /0x, change in T with an increase in resistance management
T the expected time to resistance build up
C, cost of extra resistance management
Ch savings from reduced herbicide use
acY ocY . . . .

< ,L cost of direct yield losses from RM / herbicide
0x, " 0xp
0 : . L :
aih decrease in herbicide use with increase in RM

r




Marginal costs and benefits of increasing steady state weed
control (no resistance)
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n control %

- MR —-<-—MC —--MC, 2x price




Summary

* Modelling the pre-resistance crop as a steady state reduces
complexity and revels the economic trade-offs in RM

e Basic economic logic drive an interior solution

* The analysis can be simplified on a case by case basis as
appropriate

 The method can be generalised to consider more complexities
o effect of spray on insect predators or other beneficial insects

» Simplicity enables incorporation into integrated analysis of
rotations
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