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Goal Today

1) Explain andiillitstrate Hierarchical Moedeling

2) Provide economic ntuition off findings
CONCErNINg the'econemic Valte off IPMiTor
sweet corn

OVerview: Work: inrprogress; with: Bill
Hutehison: and Terry: Hurley: on sweet corn
IPMFas part off a NC-IPM grant

All' work in progress



Problem/Issue

Use existing Insecticide field tral data to
estimate the value and risk ol IPM for insecticide
pased control off Eurepean corn borer (ECB) in
Processing and: fresh market SwWeet corn

Operationally:

Estimate the expected value off an additional
insecticide application for ECB control

Use hierarchicallmodeling) tor Incorporate risk Into
the analysis




Conceptual Model

Keep, key: variables random; te; capture; the
sk (Uncertainty) in pest control

Develop arhierarchicallmodel = linked
conditionall prepability: densities

EStimate pdii ofi a Variable With parameters
that depend! (@re conditional) onivariables
from another pdf, Withl parameters; that
dre conditionalfen Variables from anether

pdf, etc. ... ... ... ..



Random Initial ECB
Observe ECB
Apply Insecticide?

Random % Survival gives
Random Remaining ECB

@% Marketable @Pest-ﬁee Yield
@ Returns

Net Returns = P x Y x %Mkt — P, x AL, — #Sprys x CostApp — COP




Random Initiall ECB

Mitchell'et al. (2002): 279 generation’ ECB
arval population density: per plant collected
PV, stateragenciessin MN, W, T1-

Empirically: stuppert lognormal density: With
MO autecorrelation (new: draw: each year)

SWeet corni has more ECB' pressure, so: Use
MINFROWIT insecticide trial data fior mean and
st. dev., pooling over years 1990-2003

Lognormal density: mean = 1.28, CV = 78%




Insecticide Efficacy: Data

Efficacy’ data firomi pyretaroid trals (~ 50)
Capture, Warrior, Baythroid, Mustang, Pounce
Most data from: MN, WI, IN and ESA's AMI:
Data Include:

Mean ECB larvae/ear: for treated and
Untreated (control) plots off sweet corn

Percentage yield marketable for precessing
and for firesh market

NUumber of sprays and application rate



Random ECB' alter Sprays

Model: ECB = ECB; X (Y Survival)spravs

Example:s ECB, = 4, 50% survival per
spray, 2 sprays, then ECB = 4(72)% = 1

Rearrange: % Sunvival = (ECB/ECB;)Y/spreys

Geometric mean off % Survivall per spray.

Use ebserved ECB, ECB,, and number: of;
Sprays terconstruct dependent variable:
“Average % survival per spray:”



Randomi % Survival

Dependent variable: Average Y% Survival per spray.
REJFESSOLS

ECB; (density dependence)

NUmBer sprays (decreasing returns)

Chemical specific effiect

Beta density: (0 to 1) with separate equations; fior
mean and st. dev. (Mitchell et al. 2004)

Mean = exp(f, + [1ECB; + [;Sprays + e:Rate))
St. Dev. = exp(cy + o1Sprays)



Parameter

o POUNCE
o Mustang
o Baythroeid
o Capture
ov WarKor

R2 = 0.192

Estimate Error  t=statistic
-1.603  0.187 -8.587.
-0.101  0:0474 -2.126
-0.902,  0:195 -4,632

-0.0800" 0.0289 -2./71
0.115  0.0169 6.821
-2.535 1.141 -2.221
-4.967.  4.768 -1.042
-10.101  5.156 -1.959
-12.609  5.456 -2.311
-17.423  8.221 -2.119
RMSE = 0.137

P-value
1.000]
.033]
1.000}
1.006]
1.000}
1.026]
[.298]
1.050]
[.021)
1.034]
N =191




Model Implications

Mean = exp(, + 1ECB; + [;Sprays + a:Rate))
ECB, increase: Mean %S decreases since [y < 0
Density’ dependence: more ECB, lower survival rate

Rate increase: Meanr%S decreases since ox < 0
More Insecticide; lower survivall rate
Use oS t0; compare across INsecticides
Warrior>Capture>Baythroid>Mustang>Pounce

Spray increase: Mean %S Increases since 35 > 0
Averade survival rate per spray: INCreases WIth' sprays
Jotal survival rate = %SurivialsPeYs decreases










- Avg % S/spray
~———Total %S

sprays

Illustration of average %S per spray and total %S
with Capture at a rate of 0.04 Al/ac with ECB, of 2




0.4 0.6 0.8
avg %S per spray

Effect of ECB, on conditional pdf of avg %Survival per spray
RED: ECB, =1 GREEN: ECBo = 3 BLUE: ECBo = 5

Randomly drawn ECB,, affects % Survival pdf
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0.4 0.6
avg %S per spray

Effect of sprays on conditional pdf of avg %Survival per spray
RED: 1 spray GREEN: 3 sprays BLUE: 5 sprays

Chosen number of sprays affects % Survival pdf




Hierarchicall Model
Series of LLinked Conditional pdffs

1) Draw: Randemr ECB; from lognormal

2) Draw: Average: Y% Survivall per spray. frem: beta
With'mean andist. dev. depending on ECB;,
AUMDBEN Of Sprays, chemical, and rate

3) Calculate ECBr= ECBj X (%) Survival)sRey=

43" Draw: % Marketable depending on ECB

5) Draw Vield and price; calculate net returns

B Unconditional pdf for ECB'or net returns = 2722

B Must Monte Carlo simulate and use histograms
and characterize pdf withrmean, st. dev., etc.



lognormal density
Random Initial ECB
Observe ECB
Apply Insecticide?

Random % Survival gives ™\ transformed beta
Random Remaining ECB_~ times lognormal

beta densities

@% Marketable @Pest-ﬁee Yield
@ Returns lognormal density

Net Returns = P x Y x %Mkt — P, x AL, — #Sprys x CostApp — COP




Rest of the Model: Quick Summary.

Y% Marketable for Processing or Fresh
Market has beta density: (0. to 1)

mean = exp(Ky + KyECB), constant st. dev.

VMorerECB, onraverage lower percentage
marketable (exponentiall decrease)

Pest Free yield has beta density: (common)
Minimum; 0 tons/ac
Maximum: 9.9 tens/ac (mean + 2 st. dev:)
Mean: 6.6 tons/ac (WI NASSF3-yrava.)
CV: 25% (increase WI NASS state CV)



Prices and Costs

Sweet Corni: $67.60/ton

Insecticides ($/ac-treatment)

Capture \Warrior Baythroid
$2.82/ac $3.49/ac $6.09/ac
Mustang PoURCE

$2.80/ac $3.76/ac
Aerial’Application: $4.85/ac-treatment
Other Costs off Production:  $200/ac

No Cost for ECB Scouting, Farmer
Management lime, or Land



250

200

150

100

mean returns ($/ac)
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Baythroid
Capture
Warrior

None |Schedule/ IPM Schedule IPM Schedule, IPM  Schedule

1st Spray 2nd Spray 3rd Spray

o\/alue of 1t spray: $115-125/ac

o1 Scheduled Spray: and use of IPM for 279 spray
MaXximIZes farmer returns

4th Spray




Mean Returns ($/ac)

210
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200 - =
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Capture
Warrior
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IPM  Scheduled IPM  Scheduled IPM  Scheduled

2nd Spray 3rd Spray 4th Spray

Economic Iihresholds (ECB!larvae/ear)
219 spray: 0.15 37 spray: 0.20 4t spray: 0.25



Standard Deviation of Returns ($/ac)

108.40
108.20 |
108.00 e i P - = - —| | = Baythroid
Capture

107.80 e | N3l = TF, — | Warrior
107.60 — = > | P4 1 ra =
107.40

IPM  Scheduled IPM Scheduled IPM  Scheduled

2nd Spray 3rd Spray 4th Spray

IPMFhas' lower: risk (lower standard deviation)
than scheduled sprays



Value of IPM/Change in Mean Returns ($/ac)

= —— | ® 2nd Spray
3rd Spray
= T - odd ~ | 4th Spray

Value of IPM ($/ac)
O = N W PHSHO1LON OO O© O

Baythroid Capture Warrior
eSource of IPM value is preventing unneeded sprays

*]PM more value for Baythroid and Warrior, since cost more

o]PM more value after more sprays, since need fewer sprays



IPM Risk Effect/Standard Deviation Change ($/ac)

Baythroid Capture Warrior
0.00

-0.05 - e r ¥,
-0.10 =7y e

-0.15 -
-0.20 -
-0.25 -

2nd Spray
3rd Spray
4th Spray

change ($/ac)

-0.30 -
-0.35
-0.40

o\With proportional yield loss from pest, pests usually reduce
st. dev. of returns, so pest control increases st. dev. of returns

o]PM decreases st. dev. of returns since more pests

eMore sprays increases st. dev. of returns since fewer pests



Caveats

Can't dor"Sequential™ IPM: observe and decide
multiple times during Season

Data enly allow: estimation; off average: Y% survivall per
Spay. for Many: Sprays
Need different data for “true™ IPM
Current data readily available; easy: torcollect while
required data are expensive to obtain
Canning companies contrel sprays and they are
MOt necessarily: maximizing farmer returns



Precessing| versus: Fresh Market

IPMfor Precessing SWeet corn

I scheduled spray: and use of IPM for the 279 spray,
Maximizes fiarmer: returns

Eirst scheduled spray: worth $115-$125/ac

IPM increases mean; retlrns $5-$10/ac (=~ one spray);
not INcluding scouting| Costs

IPMidecreases st. dev. off returns slightly:
Similar analysis for Eresh Market SWeet corn

IPM decreases mean returns
IPM decreases st. dev. of returns




Fresh Market Sweet Corn

Same basic moedell structure withrupdates
Pest firee yield: 1100 doz/ac withr 25% CV.
Price: $2./5/doz withist. dev: of $0.60/a0z

9 marketable for fresh market
mean = exp(Ky + K ECB), constant st. dev.

Six: scheduled sprays maximize returns
Optimal IPM threshold = zero



Benefit vs. Cost of IPM

Benefit oft IPM: Preventing Unneeded sprays

Cost of IPM: Missing needed sprays; plus
cost off infermation; collection

More valtable crop makes missing needed
Sprays tooe) costly: relative toe low: cost
INSECLICIAES

Few will risk: $1000/ac tor try, saving $10/ac
“Penny Wise-Pound' Foeolish™



Economic Injury: Level

Pedigo’s Classic EIL = C/(V x I x D x K)

EILL = pest density that causes damage that it
would be economical tor control

C = cost of control
V' = value ofi crop
I’ Dr = Injury. per pest x damade per Injury.
K =% Kill of pest: by control
As V. becomes large relative tor €, the ElL
JOES o ZEro



Eresh Market Sweet Corn IPM

Insecticide toe) cheap: relative to valtie of fresh
market sSWeet corn termake IPMivaluable

Insect pestsi Vs insect terrorists (IPM or [1M7?)

Insecticide cost must increase so IPM creates
more value by preventing UNREEded sprays

Market prices InCrease
Envirenmental costs off Insecticide use

Alternatively: more competitive market fior
pesticide-firee or organic SWEet corn



Conclusion

lllustrated hierarchicalimodeling
Capture efiect off production practices on sk
Generally’ reguires Monte Carle simulations
Applied to ECB' ini sweet corn
Also for ECB'and corn rootworm'in field corn

IPM for' commodity: Vs. high Valtie crops

I crop: bECOMES too Valuable relative torthe
CoSt off Insecticide, IPMnet economical

Processing versus: Fresh Market Sweet Corn
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