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Bovine lTuberculesis (TB)in
Michigan' Deer,

* Only knewn area in NerthrAmerica Where
poevine TBiis established i wild deer

o Deer have infected a number off cattle herds.
— Agricultural damages estimated at $1.2 million/year

* Policy respoenses
— Reduce deer herd
— Step supplemental feeding



BOVINE TUBERCULOSIS SURVEY RESULTS
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Viedellefioptimal
management Decentralized model
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RProrn reseanch on wildlife transmitted disease

o Little regard given to wildlife dimension

» Estimates of costs to farmers and consumers from diffit
contrel strategies (e.g., depoepulation, test and remoeve)
and resulting trade and market effects

o Bicknellet al. (Aus. J. Agr. Res. Econ. 1999)

* Bioeconomic model of pessum and dairy Cow.
populations

» Optimall disease control strategies from a single farmer’s
PEISpPECTVE

» Selective harvesting of diseased pessums possible

» PESSUMS have no real value (ether than nuisance)



(Seme) Research gaps

o Soclal eptimum
— |VIest preblems faced jeintly: by many farmers

— Wildlife-related benefits also Impoertant
* High recreational values (hunting)
» Jhreatened and endangered Species
« \Wildlife eradication pelicies may. e expensive

* Noen-selective harvesting ofi infected wildlife
— Offtake accompanied by healthy and valuable animals

— |ncreases disease contrel costs
o Viore difficult to exterminate diseased animals
o Alters disease dynamics in a sub-eptimal fashion.



@utline efihasic moedel

o WO State variables
— Deer population, N
— Prevalence rate in deer, 0

o JWo control variables

— Aggregate harvest, h
» Non-selective with respect to disease

* By itsell; hanvesting cannot eliminate a persistent disease
(Witheut eradicating all wildlife in'the area)

— Supplemental feeding, |
* |ncreases in situ preductivity: (diminishes density-dependence)

» Non-selective with respect to disease
— Increases transmission
— Decreases disease-related mortality






Social planner's problem

* NB(t) = value of hunting —
COSIS off hunting —
COSIS ofi feeding —
damages to livestock sector

« Objective function: pMax J'NB(t)e“’tdt
h,f
0]
SUBJEect te the eguations of motion

o | Inear control moeadel



DeURIe singular seiution

* Adjoeint eqguations for N'and 6'yield “gelden
rule” equations (In Implicit form):

o=F(N,8,f), o=G(N,é, f,h)

o Solve for nonlinear feedback laws for;
controls, f(N,8) and h(N,0)

* Plug f(IN,6)rand h(N;6) inte the eguations e moetion for
N‘and 0, and selve the differential’ eguations

N =A(N,8), €=B(N,8), N, 6,

» Note: selution depends oniinitial states, N, and 6,
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Some results efihasic model

o+ [DiSease eradication may. net he eptimal

o [Feeding bans te quickly reduce/eliminate the
disease may. be teo costly:

— Oppertunity coest of fergeing productivity,
Investments (Via feeding) may e teo large

— [Feeding IS an investment 1n deer productivity

o |ntermittent INVestments create oppoertunities for near-
term gains
— Similar te Clark; Clarke, and Munre (1979); altheugh

Investment in eur model produces adverse afiects on
reseurce dynamics



Adding the lIvesteock: (Cattle) Sector

*  On-farm biesecurity: and stecking decisions affect damages

Results

» (Cost-effective to target cattle sector for risk-reduction
» Direct cattle risk controls vs. nen-selective deer-related controls
o (Cattle sector Is net highly prefitable

» Reduce risk of transmission to livestock to zero

o Fully invest in BIeSecurity or permanently remoyve all cattie from
Infected region
» Deer are managed independently.
— Deer are highly valued whereas cattle sector Is not valuable

— Only' damages are to hunters; can support greater prevalence in
deer

* Only have cattle sector If: profitability exceeds investment cost



argeting rskiby: Sexioliideer

* Prevalence in deer varnes by Sex

— Male/female behavioral differences affect
transmission

o Sex-lased hanvests target Important risk factor
— Reduces wildlife disease control costs
— Disease eradication might e eptimal
(assumed noe adjustments In the cattle sector)



Summary; efiresults frem
expanded moedels

 Better risk targeting in wildlife sector
Increases likelihood that it will be optimal to
— eradicate disease in wildlife
— preserve cattle sector

« Better risk targeting in livestock sector
Increases likelihood that it will be optimal to
— eliminate inter-species transmission
« Possibly eliminate cattle sector
— allow endemic disease in wildlife
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Future Work

o Spatial management
— Oppoertunities te better target risks
— Consideration ofi additional risks ofi spread

o Decentralized model of farmer/Aunter
PERavIor

— Examine economic incentives faced by
ndividuals

— Role ofi policy






After transferming the preblem in terms of females

Feed max constraint

Premature switching
principle

d, f=0constraint C

‘..55'/—/ . e a = e:
€ 2000 4000 6000 8000 10000 NF

Path description

1.0riginal path- feeding unconstrained, 0 < ¢ harvests < all ¢, 0 <f < max (optimal) (t = 0.5, at b)
2. Original path- feeding unconstrained, 0 < ¢ harvests < all ¢ , 0 <f < max (sub -optimal)

3. Feeding constrained at max, 1, 0< ¢ harvests <all 2 ,f=max (t=1.5,atc)

4. Unconstrained feeding path reemerges, 0 < ¢ harvests<all 2 ,0<f<max (t=2, atd)

5. Feeding constrained at zero path 2, 0 < ? harvests <all ¢ ,f=0 (t=22, ate)

6. Bang - bang solution ¢ harvests =0, & harvests =0, f=max (t 8 =30,t ¢=45atg)




