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Animal Disease Related Pre event | nvestment and Post-event

Compensation: A Multi-agent Problem

Animal disease management involves both the pateadioption of pre event
investments in disease prevention as well as pasttgoarticipation in disease management
including slaughter of infected animals. Both typégarticipation, while desirable from an
industry wide viewpoint, are undertaken by indiatkuand may require compensation to occur
at an appropriate level. Current compensation paaes not provide individual farmers
incentives to invest in prevention actions, rattwrcentrating on compensation for slaughtered
animals. This paper considers compensation des@mporating the risk and economic interests
of both the government and the producer. In padr¢this study investigates possible linkages
between preventive investments and the post ewenpensation package. It also reviews the
economic dimensions of the compensation problendaniges the optimal compensation
package that induces individual producers to batthtully disclose information on livestock

disease and increase preventive investments.

Compensation and animal disease management. Once an outbreak of animal disease
occurs government agencies frequently come intaraa and slaughter all infected and contact
animals. The Fifth Amendment of the US Constitutiequires the government to compensate
individuals when private property is taken for pahkise. USDA Animal and Plant Health
Inspection Service (APHIS) designs and executegeosation that largely relies on diagnosis
technology and farmers' self reporting to idenséihd trace the infected animals (Kuchler and
Hamm 2000). In such a case an efficient compensatbheme needs to arrive at payments that
are (a) low enough to prevent individual farmeosyfrover-reporting, transporting animals from

areas outside the event and contact zones, or a@ntihg diseased animals; and (b) high



enough to prevent under-reporting or hiding potdiytisick animals. There is observational
evidence showing compensation levels influenceviddal behavior: (a) Reaney (1998) reported
that farmers are under pressure not to report cd48SE due to a reduction of compensation for
sick animals; (b) Stecklow (1998) reported thatledarmers were paid more than the sick
animal were worth so that there was no incentiveetod a sick animal to the slaughterhouse; and
(c) Kuchler and Hamm (2000) and Wineland, Detwdled Salman (1998) observe that

individual farmers increase their efforts to firmtapie-infected sheep within their flocks as the
indemnity payments increase. Therefore, an aptgand efficient compensation scheme is
needed to ensure a truthful disclosure of privately information about animal disease and its

management.

Compensation and animal disease prevention. Individual farmers may be reluctant to
make pre event investments to prevent, contradradicate animal disease in their herd due to
some mixture of the following reasons: (a) Invesitaeost money and margins are low. When
an outbreak of animal disease like foot-and-moigkase (FMD) occurs, a centralized control
effort slaughters all contact animals no mattertivbiethese animals are sick or not. In this
sense, once the outbreak occurs the ex ante ingastines not reduce the consequential loss----
two farmers having an identical herd bear the semséregardless one invests ex ante while
another one does not; (b) The ability to benefibhfrthe efforts of others associated with disease
prevention and control (free ride) reduces indigideroducer incentives to investing ex ante;
and (c) Current disease control policies and indgnpayments do not provide individuals with
incentives to invest ex ante. The 2002 farm balrf Security and Rural Investment Act of
2002, Title X, Subtitle E, Animal Health Protectigwt, Public Law 107-171, states that the

government is to pay fair market value for aning®stroyed for disease control purposes and



any compensation paid is to be reduced by any détinels received. Other funds would include
any salvage value, indemnity paid by states orrarsze. Thus, two individual farmers who have
identical herds and claim for compensation willeige the same amount of indemnity no matter
one has a far better preventive investment thathanone, or one who has insurance will

receive the difference net of the indemnity paidhmyinsurance.

Thus, current plans for compensation face two ptsgiroblems: (a) they may not
induce a truthful disclosure regarding livestockedise outbreak; and (b) they do not provide a
linkage between the ex ante preventive investmethex post compensation scheme that might
enhance preventive investment and reduce thehikedl of disease outbreaks and/or decrease

the consequential event costs.

In this paper, we employ a game-theoretic prinageant framework to analyze the
individual farmer and governmental behavior pred post-animal disease outbreak. As agents,
individual farmers maximize their expected monetalye including compensation for
preventive investments and post-event animal skeug@overnment, as the principal,
maximizes overall societal welfare. In this setting will examine the gap between the privately
optimal and socially optimal investment levels therestigate how a well-designed
differentiated compensation scheme can close #ps\ye also discuss whether and how the
government can monitor and assess the privatetyiheéstment information, including

preventive technology related methods and econeaongening and monitoring.

1 The Model

The game-theoretic framework is summarized in fedu It evolves in three

stages. In the first stage, aiming to maximizeioand avoid risk individual farmér(of which



there are&K) considers preventative investments that reduedikblinood of disease outbreak

and the consequential loss. There are various ptieeebiosecurity actions that farmers could
undertake, including inspecting arriving lots ofraals to keep infected animals off the farm,
installing animal identification devices to faalie animal tracking, and improving management-
based activities that contribute to biosecuritye Dther player is the relevant government
agency, in this case APHIS, that designs the cosgiEm scheme. Unlike the current practice,
we assume that compensation can be conditionddelevel of preventive investment and the

severity of disease prevalengg. Individual farmers know the disease prevaleggen their
herds. Howeverg, is privately held information, and is not obseresdt no cost to the

government. In the second stage, market obsensatwdhreveal whether there is a disease

outbreak. The likelihood of disease outbreak, wisctienoted by , is affected by the total

preventive investment, i.eg = p(z::l| «) - An increase in the total preventive investment

lowers the chance of disease outbreak in the re'g'ﬂa)n(;9£ <0. If farmers report an infection,

I
the government will test the herds to identify thee disease prevalence and respond in a
manner consistent with the disease managementcpfofince the true disease prevalence will
be found no matter whether farmers truthfully rémomot as long as they decide to disclose
disease prevalence, farmers have no gain to urstienage the disease prevalence and they will
truthfully disclose their infected herds. Farmetsovdo not disclose the disease prevalence will
face inspections. If an infected herd is foundhspections, we assume that an individual farmer
has to pay a certain monetary penalty. If a diseasiereak like FMD is confirmed, a quarantine
zone is determined and movement bans are imposddllethe animals within the quarantine

zone is ordered to be killed with a compensatidd paindividual farmers in the last stage.



* An individual farmerk incurs preventive investment
Stage 1|| « Government designs compensation sch&¥(ig, & )

 Possible outbreak: probability of disease outbiadke region,o(z::1| W)

« Farmers decide whether to truthfully disclose disgarevalencék
@ | Stage 2|| * Government inspects non-disclosed farmers

* Infected and contact farmers slaughter and dispb#eeir animals to
Stage 3 control spread

« Farmers pay penalty if a non-disclosure of infed¢tedis are found

» Government pays compensation to individual farnig(s,, 6,)

Figure 1: Thetimeline of the model

1.1 Agent’s Problem and Privately Optimal Preventiv e Investment
As agents, individual farmers maximize their expdanonetary value considering

preventive investments, post-event animal slaughtet compensation. The payoffs of an
individual farmer who has an initial wealih, and investy, on preventive biosecurity actions
under different scenarios are illustrated in Figir&/nder the first scenario when there is no
disease outbreak, the preventive investment igjore and the individual net wealthyis— |, .
Should a disease outbreak occur, his livestock Imeaglaughtered for disease control and, hence,
resulting in a consequential loss that could Heast partly recouped from compensation paid by
the governmerfR(| ., 8y) - If the incidence of a disease in the herd isldssd the farmer bears a
loss of C(1 ., 8k ) whereC(] , 8k ) includes the direct livestock loss and some gawermtal

costs. Hence, under the second scenario whenithardisease outbreak, an individual farmer
who discloses infected herds has a net payf | + R(1k,8x) —C(l k.8« - Or) the other hand,

if an individual farmer does not report diseasevglence, he bears the consequential loss



L(1x,0¢) and faces inspections. If infected herds areotised at random inspections, an
individual farmer has to pay a monetary penBl§ , and his net payoff is
Yk~ Ikt R(Uk,0c) — Lk, 8k) — P(6). Otherwise, no disease is found in the premisktla

individual net payoff ofy, — |+ R(1 k,8k) — L(I «: 8k )

Disease outbrealk

Disease disclosure Yk~ lk
AYes/ WA
Yk~ Ikt R(k:6k) —C(l k., 6k) Random inspections

discover infected her

Y~ 1t R 8) LU, 8) —PB) Y= 1+ R, 80 — L1k, 6

Figure 2: Payoffs of individual farmersunder different scenarios

It is ambiguous whether farmers face a greateremuential loss when they truthfully
report infected herds. Despite some governmentbcan individual farmer may bear a low
consequential cost if he truthfully reports infetteerds since it allows for appropriate response
actions conducted by APHIS and reduces the conséigukss. No disclosure or even hiding
sick animals will cause a wider disease spreadthnd, increases the consequential loss.
However, covering up possible disease prevalengeavaid and/or reduce the likelihood of
livestock slaughter and, thus dramatically redubesconsequential loss. Logically, farmers will

disclosure the disease prevalence if non-disclodoes not reduce the costs. Therefore, we



assumé:(| k,ek) > L(| k,ek) holds, and the potential penalty imposed on naotdsure will

induce a truthful disclosure of infected herds.

Now suppose that the consequential loss also depmnthe level of preventive

investment and the magnitude of disease prevaleea):%‘?lL >0 andg—lC > 0, which implies
k k

that a higher preventive investment may reducentimber of infected animals and/or cause
more timely disease management strategies, thdisces the consequential loss. Also suppose

thataa—L >0 anda—C > 0, which indicates that farmers with higher levetafease prevalence

Gk 0 6k

face higher losses.

Unlike under current compensation practices, warassthat the magnitude of
compensation depends the amount of preventive timezg and whether farmers disclose the
disease prevalence: (a) the higher the prevenixestiment, the greater the compensation that an
individual farmer receives, |e§—|R > 0. That is, among two individual farmers with ideali

k
herds and levels of disease prevalence, the omhetgthigher preventative investment would
receive higher compensation. This assumption easupmsitive linkage between compensation
and preventive investment thus, inducing farmeligiest more ex ante. Furthermore, an
individual farmer who truthfully discloses disegsevalence in his herd in a timely manner will
be compensated more than another who does nobsksdfience, truthful disclosure of disease

prevalence is encouraged.

Farmers have to pay a monetary pen&tg, if they do not disclose an infected herd

and disease prevalence is discovered by inspectidasssumé(g, s increasing with the



ds

severity of disease outbreak and the likelihoodeshg discovered i8(g, ,)Nhereﬁ >0
k

indicates detection is more likely for herds withigh prevalence rate. The break even incentive
comparability condition under which farmers willitihfully disclose disease prevalence in their

herds is

Y= et Rk, 6k) —C(I«,6k)

1) ,
= IB(Hk)(Yk et R(| k,Hk) - L(l k,gk) - P(H))+ (1_,8(¢9k))(Yk et R(| k,Hk) - L(l k,Hk))
When equation (1) is satisfied, farmers have tieesamount of the net payoff if they report

infected herds or not. Equation (1) can be singdifas

@ =Sl k,eg)(—g L)(| 0h)

Equation (2) shows that the optimal penalty fordmelosure when the disease is present. The
optimal penalty is conditional on the level of tfisease prevalence rate, the difference between
the consequential loss when disclosing or not,daseilase discovery rate. Penalties can be used
to induce the truthful disclosure if the governmeguh obtain information of preventive
investment and disease prevalence by inspectiafisraother mechanisms. If it is the case,
farmers will always truthfully report the infectéerd to avoid penalty and, thus, penalty is used

as a credible threat and it is actually never eteztu

Farmers choose the optimal preventive investmentaximize their expected benefit
conditional on truthful disclosure of disease ptemae resulting from the credible optimal

penalty:



maxp(i | kj(vk ~ 1+ R(1k.8) = C(I k,ek)){l—p(i | kD(Yk ~ 1)

3) I k=i .
s poy=<t k’eckr)(;L)(l =

The Lagrangian for this private maximization probles

K K
@ - p(Z | kj(Yk— l«+R(Ik.8) —C(I k,ek))+(1—p(2 | kD(Yk— )
k=i k=i ’
+A[C(14.8) = L(1 .6 ~ P(8) 2(6))]
where/ is the shadow value of the constraint on trutdfaéase disclosure. The necessary first-

order condition with respect to preventive invesiig is

) [;;ﬁ( R0+ o "’Hk)} {— P o180 o2 "'ek)} ”FC(I .00 _ 0Ll k'ek)} -1

| 01k dig Olx | 01y 01k
marginakffect marginakffect thought marginakffect
throughtcompensatin consequerdl loss throughpenalty

Equation (5) shows that the privately optimal preixe investment is achieved when the
marginal gain on the right-hand side equals thegmal cost on the left-hand side. The marginal
gain can be decomposed into three components ding/uhose through compensation,

consequential loss, and penalty. An increase innitieidual preventive investment decreases

the amount of consequential | SM < Oj and increases the amount of

01l

compensatio aRg 6:) >0

I j and also boosts the regional preventive investmeesl and,
k

thus, decreases the likelihood of disease outhiretihs region(j—’lo < Oj. Hence, the marginal
k
effect through consequential Ioss,(;j—fcﬂ k,ek)—p%;"g"), is positive, while the sign of
k k

10



M, is not determined yet

the marginal effect through compensatie(};f!{:,i R(| k.Hk)+,0 I
k k

depending on the magnitudes of two componentsladteéerm on the right-side hand of

equation (5) reflects the marginal change througmafty. An increase in the preventive

investment will decrease the consequential lossaaglchange the optimal amount of penalty.

1.2 Principal’'s Optimization Problem and Socially O  ptimal Preventive
Investment

The government, as a principal, maximizes expectedall societal welfare. The social welfare
has two components, the aggregated benefit amongfa and the budgetary outlays. The
government does not have perfect information oaatie prevalence in individual herds unless
they conduct inspections. However, the distributbdisclosed disease prevalengg ) is

public information, and we assume follows a denityction f (g, ). Based on farmers’

expected benefit that is written in equation (B§ &ggregated welfare across farmers, denoted

byw, is given as

6 w= IZ{ [Zlkj |k+R(|k,s)—c(|k,s))+(1—p(g|kj](vk—|k)}f(s)ds.

In addition to compensation, we assume anothestwoces of budgetary outlays. The
first one is the cost of inspections, denotedN$P, which ensures the credibility of penalty to
induce truthful disclosure of disease prevalente Jecond source of budgetary outlays is the
cost of obtaining preventive investment on randoim$pected farmers, which is denoted®y

Thus, the total budget outlay is

@) WZ:j;iR(|k,s)f(s)ds+INSP+C.

11



Following Hyde and Vercammen (1997), Baron and Mgar(1982), and Cramig,
Horan, and Wolf (2005), we specify the social wadfenaximization problem for the
government by incorporating the budgetary outldymt is, the government maximizes the sum
of the expected benefit aggregating across fararaighe weighted budgetary outlays by
choosing the socially optimal preventive investmaanditional on the truthful disclosure of

disease prevalence:

mIaX{Wl‘ VWz}

(8) ) |
st. P(g) = c(i k’HZ)(Q'S(I 66)

wherey is the weight that government applies to budgetatiays. The Lagrangian for the

government’s social welfare maximization problem is

©)  L=w-yw+ACU.8) - L1 8) - P@)a@)].

Following Holmstrom (1979), pointwise optimizatianth respect to preventive investment

yields the following necessary first-order conditio

(10)
dp OR(1 . 6,) do aC(1.64J 1], ,[0C(i .00 _ L1 .6
——Rl.6J+(0-)) + = ——Cl1«.0k) - p———— |+ 1 - =1
|:d|k (k k) 01 ‘ di (k k) 01« | 01 91
marginal effect marginakeffect thought marginal effect
throught compensatin consequeldl loss through penalty

which holds forg, wherek=1, 2,...,K.

Equation (10) is similar to equation (5) excepté¢his additional term in the marginal effect

aR(l k,Hk)

through compensatioE]— y I
k

< OJ that captures the effect of preventive investment

through the budgetary outlays.
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1.3 Comparison between Privately and Socially Optim  al Preventive Investment
Now let’'s examine optimal preventive investmentlevor the three parties:

| ¥ privatelyoptimalpreventivenvestment
(11) I first bestsociallyoptimalpreventiveénvestment
15 secondestsociallyoptimalpreventiveénvestment

| is the socially optimal investment when there anstraints on the government’s problem.

That is, the government is not constrained by falittisclosure or the budget is defined as
the second best socially optimal investment whergthvernment has no budgetary constraint.
Based on equations (5) and (10) we are able te wtit the effect of preventive investment on
the expected individual benetP and the total social welfame under two scenarios,

respectively:

dwp

k

(12-a) = A for theprivatelyoptimalinvestment

(12-b) d\lN =A- yaR(I';'Hk) for thesecondbestsociallyoptimalinvestment
k k

f
(12-c) d\:v =A- /l[acg Ik’ek) - 6L(a| '; : ek)} for thefirst bestsocaillyoptimalinvestment
k k k

_ dp aR(I k,@ ) dp aC(I k10k) aC(I k10k) aL(I k!ek)
whereA{—R. 8)+ H . 0)p 28l ], _ ’y
di, (6)+p 1, di, .6 1y 1y a1,

Let's assume the privately optimal investmght which is implicitly defined by equation (5), is
achieved. Hence, equation (12-a) equals zero. Butigg | into equations (12-b) and (12-c)

yields the following inequalities,

(13-a) dw
dik

o2 =18} <0, and

{Ik=|§*}:—{yM}

.= IE,k}:{olwp _ydR(|k,9k)}

diy 01«
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dig 01l 01k
= _{A(GCS I|<l’(6’k) _ aLg TLHK)JH{I =15}>0

Based on inequalities (13-a) and (13-b) we are @mbt®mpare the magnitudes of three different

{le=1p}= {dVVP _/{ac(. 06 Ll k’gk)jH{l S

levels of preventive investment:

14) &> =T,

Hence, we find that the positive linkage betweemgensation and preventive investment has
the following effects: (a) it induces a higher istraent ex ante than the second best socially
optimal level when the government faces constraims|” > | ; and (b) When the
government does not face any budgetary consttamfjrst best socially optimal investment is
achieved, which is higher than the privately optitegel, i.e.,| > |} . Therefore, a well-

designed differentiated compensation scheme thgaggively linked with preventive investment

can induce private investment to increase approgdhie first best socially optimal level.

2 Implications for Compensation Policy

In previous section we assume that farmers whooddisclosure face a penalty that optimally
depends on disease prevalence and the level oéipireg investment. What is the logic behind
this assumption? Farmers who choose not to repoetihspections. These inspections allow for
identifying the true disease prevalence if ther@ng but are costly. However, it may be harder
for the government to obtain information on ex gmeventive investment, since farmers may
simply do not want to report that information, bey may over-report the investment level in

order to receive a higher compensation. Besidesdkts, whether the government can truthfully

14



obtain such privately-hold investment informatiartty depends on technologies of prevention
strategies. For example, it is much easier to &quut the costs of inspection or animal
identification investment than the cost of managarbased biosecurity investment. Thus, it is

important to differentiate different technologidpoeventive investment.

The current indemnification for livestock diseased by USDA pays farmers on the
basis of “fair market value” for any loss resultiingm public interventions to combat disease
spread. It does not provide farmers with incentieesuthfully disclose their infected herds, or
invest in preventive actions. Our theoretic modegjgests that adding these features would be
desirable, which is consistent with findings by @rg, Horan and Wolf (2005). They propose
using indemnities conditional only on disease plewae to achieve desirable levels of
biosecurity investment and implementing optimalgiges to induce truthful disclosure of
disease status. However, in their case both themindy and penalty are conditional only on

disease prevalence. Our model indicates it wouldds&able to establish:

* apenalty for farms where disease is found thae mmt disclosed disease incidence
conditional both on the level of disease prevalamthe level of preventive investment

that would induce truthfully disclosure of infectedrd; and

* enhanced compensation for those using certifieginé& preventive investments that would

induce a greater investment approaching to theldest socially optimal level.

In order to achieve the first best socially optineafel of preventative investment, one
possible compensation scheme would exhibit incngasiarginal compensation with respect to
preventive biosecurity investment. This form hasftilowing two positive effects: (a) It

provides farmers with incentives to invest moresithe large part of investment can be

15



recouped from compensation if disease outbreakrscand (b) An increase in preventive
biosecurity investment narrows the difference afsamuential loss between disclosing or not,
which induces farmers to report infected herdsfulty. A high disclosure of disease status
prevents widespread and cuts down social loss eftrey, implementing an increase marginal

compensation with respect to preventive biosecumtgstment may improve social welfare.

3 Concluding Remarks

We employed a game-theoretic framework to analgeertdividual farmer and
governmental behavior pre- and post-animal diseai@meak. Our results also show that the
privately optimal investment is generally lowerrtae first best socially optimal level, and a
well-designed differentiated compensation schenmglitional on ex ante biosecurity investment
can induce private preventive investment at leeesttgr than the second best socially optimal
level when the government face constraints, or @venease approaching the first best socially

optimal level.

To achieve this our results suggest that compaensathemes be expanded to encompass
features that provide incentives for ex ante bioggcinvestment and ex post truthful disclosure.
Specifically inclusion of the following two mechams is warranted: (a) a penalty for farms who
are found to have disease incidence but have solodied that information. In this case the
penalty would be set based on both on the levelisefise prevalence and preventive

investment; and (b) a positive link between the gensation ex post and preventive investment.

Beyond our study, several topics merit future regeafforts. First, it is extremely hard
for the government to obtain information of somevantive investments such as management-

based biosecurity investment. Therefore, penattslitional on preventive investment and

16



disease prevalence may not efficiently induce fulttisease disclosure, and also indemnities
conditional on preventive investment may not bey¢aslesign and execute. In the face of this,
further investigation should consider cases whaegegbvernment cannot observe preventive
investment but knows its distribution. Secondb/shown by inequality (13-b), the privately
optimal ex ante biosecurity approaches the first becially optimal leveBut they are not the

same level unless the marginal effect of investroarthe consequential loss when disclosing

disease prevalence or not quEs?!gg :“Hk) - aL(al'I"Hk)
k k

= Oj. It is of the government’s interest

to identify practical mechanisms to satisfy thisdibtion so that the privately optimal investment

is also the first best socially optimal level.
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