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Overview of Presentation

Motivate Bt Corn IRM Compliance Problem
Describe Model ' Setlup

Develop! principal-agent model te assess a
line program fior Bt corn' IRM compliance

Endoegenize technology. fee (price of Bt
corn), fine and audit rate

Growers have: private Infermation: for thelr
Willingness to: Pay: (adverse Sselection) and
Compliance Effort (moral hazard)

Present empirical results




Background

Bt Corn (Mmaize) controls twe: major pests:
EUropean corn: borer (ECB) and! corn
reotworm; (CRW)

Eachi estimated torcost about $1 billion
annually inryieldrlosses and control costs

Bt corni: Maize engineered te contain DNA
lirom bacterum: Bac/us: thurng/ens/s (Bt)

Plant tissues express Bt toxin soi that pests
Killed whenr eat/damade plants
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Background

Bt corn for ECB' available since 1995

Several “events” registered (MON 810, Bt
11, DBIF 418, Event 176, CBH 351)

YieldGard Corn Borer (MON 810/Bt 117
most pepular Bt corn available

YieldGard Reotworm (MONI863) fior corn
reotworm available ' in 2003

Both YieldGard! events available alene or
stacked In the same hybrid (3 RR/HT)

More companies releasing CRW: Bt corn



USDA-NASS Adoption Data

IR 2005 IR 2006  Stack 2005 Stack 2006

IL A 24 3) 19
IN 11 13 4 12
A 35 32 11 18
KS 23 23 10 12
Mi 15 16 3) 10
\WIN 33 28 11 16
MO 37 38 §) I4
NE 39 37 12 15
ND 21 AS 15 20
OH 9 8 2 5
SD 30 20 22 34
X 21 27 9 13
Wi 22 22 §) 10

UsS 26 25 9 15



Puerto Ricod
Misc Station
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Bt Maize in EU

Spain: 60,000 ha (12%) in 2004, dropped in
2005 (weather), up again in 2006

Erance: 1000 ha in 2005, 5000 ha 2006; likely
nigher due torundecumented imports from
Spain (SW: France has ECB pressure)

Portugal: 750 ha'in 2005
Czech Republic: 1500 haiin 2006

Germany: trials since 2004, 1000 ha in 2006 for
commercial use



Resistance Problem

Pests canl develop: resistance to: Bt,
especially’ the more regularly: and
exclusively: it is; tused

Documented: resistance to Bt in field
and! lab for different SpEeCIES

No dectimented cases ofi field
resistance to Bt corn or Bt cotton



Resistance Regulation

Bt crops registered by EPA under FIFRA as
Plant Incorporated Protectants (PIPs)

Under FIFRA, EPA can only: register PIP’s,
MOt enfierce regulations, bUt Can' IMpoese
egistration reguirements: onl registrants

EPA reqguires Insect Resistance Management
(IRM)r planiior registration andr requires
registrants to enforce IRM plan

EPA has net made similar reguirements fior
other pest control methods



High Doese/Reftige IRM Strategy.

Bt corn must express arnigh dose (25 X .€99)

Plant non-Bt corn refuge; to' generate non-
exposed adultsito mate with the few: resistant
adults from the Bt corn (500:1), and so: to dilute
the resistance gene in next generation

Refuge size requirement
20% for most ofi the Corn Belt
40% 1f sSpraying for other pests
50% N soUthern corn-cotton counties
Refuge proximity requirement
within: 72 mile



Compliance Problem for IRM

Farmers have little incentive to; veluntarily
Manade resistance by planting refuge
Reflge decreases profit in short rin

Past susceptibility: treated as arcommon
DrOPErty: resource: “Tragedy: ofi the, Commons®

I/

Compliance surveys find a' variety: of:
compliance levelsiamong farmers



Annual Industry (ABSTC) Survey: of
farmers with  more than 200 acres corn

In 2003, 92% met size reguirement and 93%
mEet distance requirement

In 2000, 87% met size reguirement and 82%
mEet distance requirement

NOt report % satisiying both requirements
CSPI, vial Freedom ofi Infermation Act,
obtained USDA 2002 crep acreage data

Farmers report ACres of corn and Acres Bt

Only able torevaltiate size reguirement

Found substantially: less compliance



% of Farms Planting Bt Corn

State
IL
IN
A

KS
M
MN
NE
OH
SD
Wi
10 Sts

Non-

complying

14%
1%
18%
33%
46%
18%
22%
38%
33%
18%
21%

w/ 100% Bt

9%
10%
13%
24%
38%
13%
14%
37%
21%
16%
15%

Non-

complying

15%
13%
24%
34%
47%
25%
27%
56%
35%
28%
26%

% of Bt Corn Acres

w/ 100% Bt

7%
12%
14%
20%
33%
15%
14%
54%
19%
21%
15%



% within

% all Bt farms

Acres Non- 100% Non- 100% Non- 100%
Bt Farms  comply Bt comply Bt comply Bt
=200 56,150 7,090 3,720 13% 7% 8% 4%
<200 37,380 12,620 10,300 34% 28% 13% 11%
All 93,530 19,710 14,020 21% 15% 21% 15%
% within % all Bt acres
Acres Non- 100% Non- 100% Non- 100%
Bt Acres comply Bt comply Bt comply Bt
=200 14.15 3.36 1.81 24% 13% 21% 11%
< 200 2.01 0.85 0.66 42% 33% 5% 4%
All 16.15 4.21 2.47 26% 15% 26% 15%

Small farmers more likely violate size requirement

Large farmers have most non-complying acres
(and more likely violate distance requirement)



EPA (via FIFRA) required registrants to develop
More aggressive compliance programi in Dec.
2002, months before CSPI published its analysis

Compliance Assurance Program
Randomly:audit farmers for compliance

Non-complying farmers receive extria:
education andrare duaranteed a' compliance

auditthe next year
I farmer caught nen-complying twice, banned
from buying Bt

IS the punishment: s enferceable?

Registrants have licEnsed many: seed
COMPANIES

Is the baniis an effective deterrent?
We examine a Fine Program as alternative



Pertinence to EU

RedUCING genetic contamination; of NeN-
GMO!crops: the issueiin EU, not IRM

Coexistence reguirements include a bufifer
strip; planted around: Bt maize

Tihis bufier alserserves as a refige to;slow
the development of resistance

What are the incentive issues; for EU
drowers of Bt maize and coeexistence
reguirements?



Fine Program Overview

Grewers registerwhen they: buy’ Bt corn, just as
with' current Grower Agreements

Growers audited withrpropability: o

[iFaudited and not complying (cheating on refuge
riequirement), grower pays the fine' /£ ($/ac)

A NON-complying grower pays the fine /£~ with
probability’ oz andrnothing with probability: (1= )

Company. ChoeSes Bt cornitechnology: fiee /2
(price), the audit probability: o, and the fine ~



1.

2.

Timeline off Events

Company’ anNeUNCESs Bt corn price: /;
audit probability’ ¢;, and fine 7~

Grower decides whether tor buy: Bt corn
Or conventional corn

. Company; atdits those whor buy: Bt corn

and IMpPoses fiNes onI growers net
complying with' refuge reguirement:



Model Overview

. Define grewer returns and then
formulate’ participation and IncCentive
compatibility, constraints

. Retormulate and describe constraints

(Proposition 1 and 2 and Corollaries)

. Formulate and describe company:s
(principal’s) optimization’ preblem

. INote special case (Proposition: 3)
. Empirical Analysis



Model Setup

Grewer returns ($/ac) for conventional corn
7., = Ppy—K

D NON-random’ Prce off Corn
V. random potential (pest free) yield
A NoR-randem production’ cost



Model Setup

Grewer returns for planting all Bt corn
7w, = PYAL + L) = K

A random Vield gain for Bt corn

Greower returns withrthe Tech Fee 7/:(%$/ac)

=7sz_7-



Model Setup

Returns for'a complying grower Who: plants
required refuge o,

Zee) ¢r7z-c|/ i (1 1= ¢r)7z'bt

wWith the lech Eee /&
— Tlep — (1 3 ¢r) I



Model Setup

Grower's maximum per acre willingness: te
pay: W ($/ac) fer Bt cornl s private/hidden
Infermation

E[U(7, — W)] = ELU(7,,)]

Hidden Infermation COnCerning W/ creates
adverse selection When cheosing: /-

Participation Constraint
(U7, = W12 ElU(7,,))
W= (L — o)
Buy: Bt corn i WP = price



Model Setup

[Hidden infermation CONCErNING Compliance
effort (% refuge) creates moral hazard
Company: Uses the fine program te;selve

Incentive Compatibility Constraint



Propositions 1 and 2

[ utility 1S contintious; and' strctly INCrEasEs Inf INCOME,
Tihe ICC can be expressed as W= Z(a, F 1),
where Z(-) IS a function depending 6n grower: utility,
Pistribution: G(//) “common knowledge”

Using G(1V), the cdirof IV, the constraints can be
expressed as probabilities

Prebability’ off participation: pi= 1 — G((1 — o)/
Probability: of compliance:  v=1— G(Z (o, /5 7))



Propositions 1 and 2

Participationr (Rationality) constraint

= (1_¢/‘)T_) IB= 1_G((l_¢r)7-)
Incentive compatibility, constraint

W= Z(a,T)— v=1—-G(Z(e,FfT))
Both put lower bound on /and WRICh 6Re BINAS
Implies different grower BENaviIor
(=) i< Z(e, /5 77)— > v (some buyers cheat)
(L —9)7e Z(a, 57 )— ve f (allbuyers comply)



A

Do not buy Bt corn

L
Za N\

Buy Bt corn (probability = )

A

Do not Scomply

\ 4

Comply (probability = v)

N
7.

Buy Bt corn, do not comply
(probability=-v) i

.
ng
i

.
g

’-

\ 4

Grower willingness to pay W

(1 —-@T

/(a, :F, 7)

Do not buy Bt corn Buy Bt corn (probability = f)
Do not comply Complyi (probability = v)
Grower willingness to pay W
Lo, F, T) (1-9T



Corollary O

Preobability of participation
f=1-G(1-HT)

[Decreases in technology. fiee /2
(I.e., downward: sloping demand CUrVe)

Independent of fine ~Aand audit
probability’ o



Proposition 2/Corollary 1
Probability: off compliance v= 1 — G(A e, /5 7))

Non-decreasing in the audit propability: o
Non-decreasing in the fine ~

Non-decreasing  (hen-Increasing) in
technology: fee 71t

Note: risk neutral or CARA utility’ — dv/d 7= 0
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Company Problem

Choose audit prebability: «; fine' £ and
technoelogy. fee! /iter maximize expected net
revenue; subject torthe participation and
INcentive compatibility constraints

Company: ENdegeniZes both purchase and

iBUy-

[com

pliance prebabilities

= S G A S 07 T8

oly] = v=1-G(Z(e, ;7))

Which binds? (1 — ¢g) F<(>) Z(e, 5 T7)
Creates two different functions
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Do not buy Bt corn
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Buy Bt corn (probability = )
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Comply (probability = v)
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Do not buy Bt corn Buy Bt corn (probability = f)
Do not comply Complyi (probability = v)
Grower willingness to pay W
Lo, F, T) (1-9T



Company: Problem

Company: returns are sum: off net revenue
from sales and fine collection

If; (1 77 ¢r)7-< Z(allcl T)I /B> v

Expectedrnet salesirevenue (= vy, (/= ¢)
Expected fine revenue (S— o
Expected monitoring cost Sk )




Company: Problem

T (1 = g 7> Z(ey F57), 5> v
Allfgrewers wWno buy: comply, se .= /3

Expected net salesirevenue (1= 0, (/= C)
EXpected fine revenue =0

Still'have ter moniter and threaten fine for
Incentive compatibility, but k(o) defines o
theniset /~so that (1 — @) > Z(a, /5 7F) holds




Optimization

Tihe company/principal maximizes the
UPpPEr envelope of the tWwol fiUACtIoNS

Various  relationships possible depending
on the parametersic &), 4, U), v, Ete.

Both functions concayve, so separately.
Maximize eachiand compare selutions
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Proposition 3

I growers are risk neutral, the optimization
problem separates
K (o) = 0 defines the oeptimal audit rate
o%, iedardless off G(V), the distribution of
grower willingness: terpay.
ihe principalis objective need only: be

optimized withrrespect te: Fand’ 75 treating
o/ as a parameter defined by K (=) =0




Model Summary.

Conceptually, a selution (e, F 1) exists for
the company:s optimization preblem

Analytically: tractable selutions exist: with
uniferm: G(VV)rand risk: neutral grewer

Special cases (risk neutralior CARA utility)
Imply;simpler eptimization’ problem

More realistic distributions for W/ reguire
AUmericalmethods to find selution



Empirical Analysis

Parameterize the model fier Rock County
Wisconsin' and corn' rootworm: Bt corn

Prime WISCORSIn: CorN-SeyDEan: area With
nEeW Invasion off rotation: resistant western
corn rootworm and new: Bt corn available

Greower survey: data (Langreck and Hurley)
for similar Minnesota lecation



Grower Returns

7Z-CV = py— K
p = $2.25/bu, K= $200/ac
yrandomi beta distribution, mean: = 150 bu/ac,
CV = 30%, min = 0, max = 240

m, = py(l +1)— K
/ random: beta distrbution, mean 3%, 5%,
7%, C\/'= 100%, min 0, max 1
y.and /4 Independent



Grower Preferences

CARA Utilityz U(7) = 1 — exp(—R7r)
R = 0.005174 so risk premium; 25%: ot E[ 7]
Effiort = preportion: of refluge planted
Comply ¢ = ¢, 0r Not Comply. =0
Grewer willingness to: pay: pdf: G(1)

Based on survey: off l.angrock and Hurley,

G() = lognormal, mean = $8.59/ac,
standard deviation = $20.60/ac



Company: Returns

Marginall cost off Bt corn Vs conventional
cornc=20, 3, 6

Define k() so k() = 0 defines
ieasonable a7, SInce this defines optimal
o= 1 3> v 0OF I Fisk neutral grower:

Calibrate withrhybrid seed corn certification
1. k(o) so kK'(a) = 0 defines o = 0.04
2. Average cost = $1.20/ac at oz = 0.04
3. 25Y% cost Increase I audit rate doubles
K(a) = 1.5 — 150 + 187.5072



No Compliance Program

E[/] c T o F % y  cheat V
3% 0 8.05 L .- 31.5% 24.6% 22.0% 2.14
3,/ 419707 1A - 12.9% 12.9% 0.0% 1.73
5% 0 9,60 = - 271% 13.7% 49.6% 2.34
3  14.06 - - 18.8% 14.7% 22.0% 1.75
0 1053  -- - 249% 8.7% 65.0% 2.44
7% 3o ey S .- 16.9% 9.3% 44.9% 1.89
6 1973  -- - 12.9% 9.8% 24.2% 1.50
3% 055" 28255 7 — - 20.6% 20.6% 0.0% 2.12
3 19.70  -- - 129% 12.9% 0.0% 1.73
5% 0 8.92 2 - 28.9% 18.0% 37.8% 2.26
3 1970 - - 129% 12.9% 0.0% 1.73
0 987 = - 26.4% 121% 541% 2.37
7% 3 1449 @ -- .- 18.2% 13.0% 28.6% 1.79
6  26.02 - - 92% 92% 0.0% 1.47



Results with NorProgram

Current tech fee about $20/ac, which
CONSIStent for /2= with ¢= $3-$6/ac
“Peak SWItChing™ 6ecuUrs

IR SOME Cases, MO CAeating OCCUIS

IR seme cases, cheating ranges 22%:-65%

RISK aVversion can calse peak switching,
(increases /=), else decreases 7 =

RISk aversion' reduces cheating and
company: rettrns

Marginal coest ¢ and expected loss E[ /]
Increase /[ *



Fine revenue capped at monitoring cost

E[/] c T o F % y  cheat V
3% 0 16.36 4.0% - 16.0% 16.0% 0.0% 1.90
3 2291 4.0% - 10.8% 10.8% 0.0% 1.59
5% 0 16.36 4.0% -  16.0% 16.0% 0.0% 1.90
3 2291 40% -  10.8% 10.8% 0.0% 1.59
0 1636 40% -  16.0% 16.0% 0.0% 1.90
7% 3 2291 40% -  10.8% 10.8% 0.0% 1.59
6 2904 40% -  7.9% 7.9% 0.0% 1.36
3% 0 1636 40% -  16.0% 16.0% 0.0% 1.90
3 2291 40% -  10.8% 10.8% 0.0% 1.59
5% 0 585 4.8%| 6218 40.1% 23.8% 40.6% 2.07
3 2291 40% -  10.8% 10.8% 0.0% 1.59
0 8.79 4.7%| 51.91 29.3% 14.8% 49.6% 2.31
7% 3 | 10.01 5.0%| 67.14 26.1% 16.6% 36.3% 1.60
6 29.04 4.0% -  7.9% 7.9% 00% 1.36



Results with fine revenue cap

Optimal audit rate o7 gravitates ter4% toe
MIRIMIZE MONILOHNG COSES

Cap generally: causes a “peak shift™ torcomplete
compliance with' RIgher techl fees and Iower
pParticipation

Eliminates non-compliance, but reduces
COmMpany: Fevenue and grower use of technology.

Exceptions: low! tech fee (high' ) and fine /= of
$50-%70/ac, with lets of cheating (36%-50%)



No fine revenue cap

E[/] c T o F % y  cheat V
3% 0 1636 40% 0 16.0% 16.0% 0.0% 1.90
3 2291 4.0% 0 10.8% 10.8% 0.0% 1.59
5% 0 010 4.0% 293.84 99.6% 37.3% 62.6% 6.22
3 0.14 4.0% 296.43 99.3% 37.9% 61.8% 3.46
0 0.07  4.0% 431.05 99.8% 31.4% 68.6% 10.67
7% 3 0.07 4.0% 433.74 99.8% 31.8% 68.1% 9.36
6 010/ 4.0% 436.10 99.6% 32.2% 67.7% 5.07
3% 0 1636 40% 0 16.0% 16.0% 0.0% 1.90
3 2291 40% 0 10.8% 10.8% 0.0% 1.59
5% 0 025 7.2% 93.94 97.9% 38.6% 60.6% 2.88
3 2291 40% 0 10.8% 10.8% 0.0% 1.59
0 014  8.7% 10941 99.3% 32.6% 67.2% 4.87
7% 3 0.30 8.6% 110.69 97.1% 32.9% 66.1% 2.12
6 29.04 4.0% 0  7.9% 7.9% 0.0% 1.36



Results with no fine revenue cap

IWo regimes are optimall depending on
Parameters

Higher techifee withrcomplete compliance

Eliminates non-compliance, but reduces
company. revenue and grower access to: Bt

Verylow tech fee withr cheating 60%:-70%
Give Bt away so 100% adoption

BECOME fine collection company: Withrmuch
higher returns: high fines with lots off cheating



Discussion/Summary. off EmpIFICS

Inspection-Fine program may: Werk i Compliance
Assurance Pregram not sufficient

Must Impoese; cap: on company. fine revenue,
OthErWISE Create Perverse INCEntIVes

Current Compliance Asstrance Program similar to
Capped fine revenue case
Company. MONItors, but collects no fines
lech fee increased, 100% compliance, lower
adoption/participation
Before imposing Inspection-Fineg, let’'s see how.
Compliance Assurance Program performs



What's Next?

WWelliare analysis

Monopoly and IRM restrict supply, implying
welfiare 10ss

Cheating oifisets these welfare |0SSes

o identify social eptimuim, must determine

sociall gain rem preserving pest susceptibility,
Unify: grower willingness; to; pay: and utility,

Joint distrbution: GV, R)implies U7 R)

Estimate with'same survey: infmanner akin to
llove and' Bucola 1991 Saha et al. 1994
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