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ObjectivesObjectives

1. Build 1. Build bioeconomicbioeconomic models for infectious wildlife models for infectious wildlife 
disease that affects wildlife and livestock disease that affects wildlife and livestock 
populationspopulations

2. Apply these models to bovine tuberculosis in 2. Apply these models to bovine tuberculosis in 
deer and cattle in Michigandeer and cattle in Michigan

3. Assess the efficacy of existing policies of disease 3. Assess the efficacy of existing policies of disease 
control and eradicationcontrol and eradication

The past couple of yearThe past couple of year’’s presentations have s presentations have 
focused on objectives 1 and 2focused on objectives 1 and 2——this year I will this year I will 
focus on 3focus on 3
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Dilbert on moral hazard and Dilbert on moral hazard and 
livestock insurance livestock insurance [27 November 2003][27 November 2003]
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Incentive Compatibility Incentive Compatibility 
in Livestock Disease Indemnity Programsin Livestock Disease Indemnity Programs

US policy to address livestock disease US policy to address livestock disease 
outbreak:outbreak:
–– Border control to prevent incursionBorder control to prevent incursion
–– Response to intraResponse to intra--border outbreakborder outbreak
–– Indemnities for animals culledIndemnities for animals culled

Goal today is to assess the compatibility of Goal today is to assess the compatibility of 
policy and private incentives to prevent policy and private incentives to prevent 
and control diseaseand control disease
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Prior Work on Disease Prevention Prior Work on Disease Prevention 
and Control Incentivesand Control Incentives

DiseaseDisease
–– GovGov’’tt eradication programs eradication programs ((Kuchler+HammKuchler+Hamm))

–– Optimal actions to contain FMD outbreak in Brittany Optimal actions to contain FMD outbreak in Brittany ((Mahul+GohinMahul+Gohin))

–– Effect of Effect of govgov’’tt eradication programs in NZ eradication programs in NZ ((Bicknell+Wilen+HowittBicknell+Wilen+Howitt))

–– Optimal control of transmitted btw wildlife, livestock Optimal control of transmitted btw wildlife, livestock (Horan+Wolf)(Horan+Wolf)

Insurance & Moral HazardInsurance & Moral Hazard
–– Constrained Pareto optimal insurance contracts Constrained Pareto optimal insurance contracts (Chambers)(Chambers)

–– Optimal crop insurance contract form Optimal crop insurance contract form ((Hyde+VercammenHyde+Vercammen))

Moral Hazard & Livestock Disease Risk ManagementMoral Hazard & Livestock Disease Risk Management
–– Incentive compatibility under moral hazard in livestock disease Incentive compatibility under moral hazard in livestock disease 

risk mgt policy risk mgt policy ((Gramig+Barnett+Skees+BlackGramig+Barnett+Skees+Black))

–– Current model incorporates information asymmetry into a PCurrent model incorporates information asymmetry into a P--A A 
model to investigate incentivesmodel to investigate incentives
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Nature of Hidden ActionNature of Hidden Action

Disease prevalence, Disease prevalence, θθ, is a random variable, is a random variable
–– Realization of Realization of θθ corresponds to outbreakcorresponds to outbreak

Ex Ante: Ex Ante: Individuals have private information Individuals have private information 
about preventive about preventive biosecuritybiosecurity measures prior to measures prior to 
outbreakoutbreak

Ex Post: Ex Post: Individuals possess private information Individuals possess private information 
about the disease status (prevalence or rate of about the disease status (prevalence or rate of 
infection) following outbreakinfection) following outbreak
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Basics of ModelBasics of Model
Farmer with susceptible livestockFarmer with susceptible livestock
–– Indirect utility a function of wealth: Indirect utility a function of wealth: VV(w(w) where ) where VV′′>0, >0, VV″″<0<0

w w = = wwoo when the herd is not infectedwhen the herd is not infected

Farmer knows true disease prevalence in herd: Farmer knows true disease prevalence in herd: θ∈θ∈[0,1] [0,1] 

GovGov’’tt program specifies a removal (cull) rate  program specifies a removal (cull) rate  

If outbreak occurs, farmer is subject to:If outbreak occurs, farmer is subject to:
–– Asset value losses, Asset value losses, λλ((θθ) and ) and 
–– Consequential losses, Consequential losses, ρρΝΝRR((θθ) and ) and 

Eligible for Eligible for govgov’’tt provided indemnities, provided indemnities, ττ,, if disclose if disclose θθ

No externalities from disease in the modelNo externalities from disease in the model

 ≥ θθ̂

)ˆ(θλ
)ˆ(θρ R
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Ex PostEx Post Moral HazardMoral Hazard
GovGov’’t wants farmers to disclose (suspected) prevalence t wants farmers to disclose (suspected) prevalence 
and uses indemnities as policy instrumentand uses indemnities as policy instrument
Incentive compatibility condition (IC):Incentive compatibility condition (IC):
Reporting state Reporting state ≥≥ NonNon--reporting statereporting state

Under disclosure the farmer is fully indemnified against Under disclosure the farmer is fully indemnified against 
the alternative statethe alternative state

⇒⇒ IC indemnity is only market value of culled animals when IC indemnity is only market value of culled animals when 
there are no differences in terms of asset or there are no differences in terms of asset or 
consequential losses from reportingconsequential losses from reporting
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Status quo IndemnityStatus quo Indemnity

Status quo indemnity incentive compatible only if it is at Status quo indemnity incentive compatible only if it is at 
least as large as least as large as ττΙΙCC implying:implying:

Consequential losses under the reporting state must Consequential losses under the reporting state must 
be smaller than all the losses under the nonbe smaller than all the losses under the non--reporting reporting 
statestate

)ˆ(θλτ =SQ

)()()()ˆ( θθρθλθρ SNRR −+≤
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Origin of Origin of Ex Ante Ex Ante Moral HazardMoral Hazard

Consider ex ante farmer incentivesConsider ex ante farmer incentives
–– Private investment in bioPrivate investment in bio--security, security, bb
–– Per unit cost rPer unit cost r

BioBio--security investments made to affect the conditional security investments made to affect the conditional pdfpdf
of disease, of disease, ff((θθ,,bb), and ), and FFbb((θθ,,bb))≥≥00

Incentive: Reduce risk of nonIncentive: Reduce risk of non--indemnified lossesindemnified losses

Policy maker seeks higher investment than would Policy maker seeks higher investment than would 
otherwise be privately chosenotherwise be privately chosen

b b has both observable and unobservable dimensionshas both observable and unobservable dimensions
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Indemnity to deal with Indemnity to deal with Ex AnteEx Ante
biosecuritybiosecurity investmentinvestment

Principal must worry about participation and Principal must worry about participation and 
incentive compatibilityincentive compatibility
If If biosecuritybiosecurity is observable, then can either is observable, then can either 
subsidize it or make indemnities contingent on itsubsidize it or make indemnities contingent on it

With verifiable effort the agent obtains full insurance from a With verifiable effort the agent obtains full insurance from a 
riskrisk--neutral principal and the indemnity is the same regardless neutral principal and the indemnity is the same regardless 
of the state of natureof the state of nature

Concrete investments are observable (e.g., Concrete investments are observable (e.g., 
fences) while management practices are notfences) while management practices are not
Increasing indemnity lowers incentive to invest in Increasing indemnity lowers incentive to invest in 
biosecuritybiosecurity (but would increase incentive to (but would increase incentive to 
report)report)
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Two distinct sources of MH imply need for two Two distinct sources of MH imply need for two 
policy instrumentspolicy instruments
–– Indemnities address ex ante MHIndemnities address ex ante MH
–– Penalties or insurance, Penalties or insurance, PP((θθ), address ex post MH), address ex post MH

Probability of detection, Probability of detection, αα((θθ), with ), with ααθθ>0 >0 

Optimal penalties with indemnities achieve IC Optimal penalties with indemnities achieve IC 
whenever whenever θθ>0>0

⇒⇒Impose more risk on farmer to get desired behaviorImpose more risk on farmer to get desired behavior

Policy Instruments for Policy Instruments for 
Ex AnteEx Ante + + Ex PostEx Post Moral HazardMoral Hazard
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Ex Ante & Ex PostEx Ante & Ex Post MH ModelMH Model
RegulatorRegulator’’s objective function:s objective function:
E{V(wE{V(w)} + )} + E{govE{gov’’tt cost} s.t. farmer (IC)cost} s.t. farmer (IC)

κκ == weight regulator applies to budgetary outlaysweight regulator applies to budgetary outlays
mm = monitoring cost of infected herds= monitoring cost of infected herds
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LaGrangianLaGrangian and and FOCsFOCs
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Comparison w/ FirstComparison w/ First--BestBest
RegulatorRegulator’’s FOC in a FB (unconstrained) world:s FOC in a FB (unconstrained) world:

Deviations from FB are characterized by:Deviations from FB are characterized by:

SB > FB when farmer MR from SB > FB when farmer MR from biosecuritybiosecurity is positive and is positive and 
SB < FB when SB < FB when biosecuritybiosecurity MR is negative  MR is negative  
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ImplicationsImplications
Current policy:Current policy:
–– Few ex ante compensation rulesFew ex ante compensation rules
–– No explicit consideration of consequential lossesNo explicit consideration of consequential losses
–– Indemnities are often sole mechanismIndemnities are often sole mechanism
Our model suggests:Our model suggests:
–– Farm Farm biosecuritybiosecurity choices are endogenous to the choices are endogenous to the 

indemnityindemnity
–– Indemnity alone not sufficient to provide Indemnity alone not sufficient to provide 

incentives for incentives for biosecuritybiosecurity and disclosureand disclosure
–– GovGov’’tt shouldnshouldn’’t fully insure farmers (Arrow, t fully insure farmers (Arrow, RavivRaviv; ; 

LaffontLaffont and and MartimortMartimort))
�� ττSBSB((θθ) should account for consequential losses in ) should account for consequential losses in 

excess of direct losses when reportingexcess of direct losses when reporting
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Implications & LimitationsImplications & Limitations

Possible alternatives that move toward IC:Possible alternatives that move toward IC:
1.1.Business interruption insuranceBusiness interruption insurance
2.2.Declining marginal (per head) indemnityDeclining marginal (per head) indemnity
3.3.Indemnities contingent on selfIndemnities contingent on self--reportingreporting
4.4.Disease specific indemnity schedules to Disease specific indemnity schedules to 

achieve SBachieve SB

LimitationsLimitations
–– Feasibility of fines for nonFeasibility of fines for non--disclosuredisclosure
–– Imperfect farmer knowledge of Imperfect farmer knowledge of θθ (disease (disease 

specific)specific)
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Bovine TB in MichiganBovine TB in Michigan

Michigan TB accredited free from 1979 Michigan TB accredited free from 1979 ––
19981998
Positive deer found in 1995Positive deer found in 1995
Sustaining in deer population Sustaining in deer population 
–– 4.4% prevalence rate in 1998; ~2% in 20054.4% prevalence rate in 1998; ~2% in 2005
Management and control involves farmers, Management and control involves farmers, 
hunters, MDA and DNRhunters, MDA and DNR
SplitSplit--state status as of 2005state status as of 2005
7 new infected herds so far in 20067 new infected herds so far in 2006
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TB positive herds
 29 beef herds
   2 dairy herds
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Farm DecisionsFarm Decisions

Reporting not currently an issue in core areaReporting not currently an issue in core area
Farm Farm biosecuritybiosecurity decisions still an issuedecisions still an issue

Farms have been given the option of Test Farms have been given the option of Test 
and Slaughter or Depopulation protocolsand Slaughter or Depopulation protocols

All beef farms have depopulated while all All beef farms have depopulated while all 
dairy farms have chosen test and slaughterdairy farms have chosen test and slaughter
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Business interruption losses under Business interruption losses under 
depopulationdepopulation

Farms lose revenue and must cover fixed Farms lose revenue and must cover fixed 
costscosts
But do not have variable costsBut do not have variable costs

Therefore, business interruption losses are Therefore, business interruption losses are 
revenue less variable costsrevenue less variable costs

Categorization of fixed and variable depend Categorization of fixed and variable depend 
on farm and length of depopulationon farm and length of depopulation
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Size of Business Interruption LossesSize of Business Interruption Losses

1271,1605.78Business Interruption Loss5

799174.67“Fixed” costs4

7051,8299.11“Variable” costs3

8332,99014.89Revenue

$/cow$/cow$/cwt

Feeder
Steer2

Milk 
Production1

Milk 
Production1

1 Source: Wittenberg and Wolf.
2 Source: Wittenberg and Black.
3 Include costs that are not incurred without the cattle enterprise including feed, veterinary, and marketing.
4 Fixed costs include costs of empty facilities (taxes, insurance, depreciation) as well as hired labor.  
Hired labor was $2.42/cwt for dairy and $39/head for beef.
5 Business interruption annual losses calculated as revenue less variable costs
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ConclusionsConclusions

Indemnity policy affects farm decisionsIndemnity policy affects farm decisions

More instruments and/or more refined More instruments and/or more refined 
instruments may be necessary to align instruments may be necessary to align 
public and private incentivespublic and private incentives

Farm types and characteristics affect Farm types and characteristics affect 
incentivesincentives


