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Ex Ante vs. Ex Post Bioterrorism Mitigation: Better Safe than Sorry?
Abstract

This article examines a tradeoff between ex antgation costs and ex post costs of response to
a potential introduction of animal disease suckh@s and Mouth (FMD). In a simplified case
study setting we examine the conditions for optitypalf enhanced detection systems
considering various characteristics of a potefMD outbreak, costs of program
implementation, severity of the disease outbread,ralative effectiveness of surveillance and
response strategies. We show that the decisimvést in ex ante detection activities depends
on such factors as likelihood of disease introduntdisease spread rate, relative costs, ancillary
benefits and effectiveness of mitigation strategiile for slow spreading disease the
investment in surveillance and detection was faienole optimal only for high probabilities of
introduction, the investment was optimal even &w probabilities of outbreak occurrence for

fast spreading disease.



Ex Ante vs. Ex Post Bioterrorism Mitigation: Better Safe than Sorry?

September 11, 2001 proved that in spite of enorme@psnses on national defense,
uninterrupted prosperity was far from secure agalabberate terrorist acts. It became
clear that military forces alone were not sufficiBmensure peace and stability. Since
those days government agencies, firms and indilschee directed increased attention

to safeguarding infrastructure, businesses, artiutisns.

One large area of vulnerability is the U.S. agtitd, which in 2002 accounted
for $250 billion in gross domestic product and eogpd nearly 1.6 million people while
feeding the US population (Bureau of Economic Aesaly Food and water
contamination have been identified by some asadively easy way to initiate a
bioterrorism attack (Khan et al. p. 3). From anremic perspective, a major
consequence of agricultural terrorism is that itldlccause disruptions in agricultural
commodity and related markets due to possible humeaith implications (Henson and
Mazzocchi, p. 371). In addition, potentially expee and intrusive mitigation actions
could also represent a significant portion of totadts of agricultural terrorism.
Agriculturally related contamination events coultia large consequences for
consumers, producers and international trade ascheég recent mad cow events as

they influenced conditions in the US, Canada, W Asia.

This potential disruption has raised many issueslwed with protection against
potential events in vulnerable components of tlmmemy as well as efficient response to
attacks. One such issue involves the balancedeetwx ante efforts to prevent or
reduce the probability of certain classes of agaukd mainly ex post efforts to rapidly

respond to attacks and otherwise minimize the #&socdamages. The key point here is



the distinction between costs of ex ante and ek geasion making. While costs of ex
ante decisions are encountered regardless of eeentrence, ex post mitigation costs
are present only when responding to materializegtlat For example, costs of initiating
animal health surveillance system are encountetesther or not the outbreak of animal
disease takes place. However, costs of slaughtediginfection arise only in the event

of disease introduction.

Agricultural terrorisnrelated decision making involves several econossaes.
Economic welfare in the form of lost consumers' prmbucers' surpluses, plus the costs
of ex ante prevention and ex post response stestege at the forefront of the economic
issues. Here an investigation will be done on Husvcharacteristics of outbreak events
and characteristics of mitigation options influetize choice of economically optimal
policy and management strategies addressing thvesgse Emphasis will be placed on
the optimal balance between the use of ex antey@et alternatives versus ex post after
event alternatives as influenced by potential eebatacteristics. For example, under
what circumstances is it beneficial to invest ia tletection program and thus intercept
the disease spread in a timely manner, versuretgsponse measure, which, unlike

detection program, would be activated only if tliboeak occurs?

Our examination of this issue consists of two paRsst we will present a broad
conceptual approach to the issue. Subsequentlyilveonduct an empirical case study

in the context of foot and mouth disease.

Analytical explorations of balance
Figure 1 illustrates the stages, related eventsaatidties. In stage one there is no act of

agricultural terrorism. At this stage businessagetthe options to either invest in ex ante
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actions, such as surveillance and prevention, aradloing. In stage two there is a
possibility of agricultural contamination. If camhination takes place then decision
makers can either initiate ex post response aralegg actions, or do nothing. If there is
no event then business continues as usual, alth@ughte decisions made in the first
stage will affect the profits. For example, setyeof an outbreak of an animal disease
such as Foot and Mouth Disease (FMD), in part, defbend on the length of time that
the disease is allowed to spread uninterruptedveslance and detection systems, which
could be established in the first stage, couldmatimely recognition and intervention to
stop the spread. However, the costs of such sgstelinbe incurred whether or not the
outbreak occurs. As response measures in thedstage, various slaughter and
vaccination strategies could allow reduction ofremuic losses by removing susceptible

herds before infection.

We adopt a welfare maximization approach to ingasé the relationship
between ex ante and ex post mechanisms. Thegtmaimaximize welfare by
minimizing total costs associated with monetary dges from and mitigation of
potential act of agricultural terrorism. Mitigati@osts are composed of investments
made in ex ante mitigation actions (s), and ex poggation actions (r). Monetary
damages L4,r,s) are assumed to be a function of event sgu@itand ex ante and ex
post mitigation actions. Denoting probabilityagfricultural terrorism event with P we

can write a utility maximization problem as:
) U=PIU(V-L(r,s)-w,[s-w, [r)+[1-PU .V -ws)

where U is welfare, or utility. d&nd We are utilities under event and no event

states of nature respectively. V is monetary vilealthout losses due to terrorism act
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and without expenditures on mitigation actionss,t§) is monetary damages inflicted
by a terrorist attack. These damages are fornitatbe a function of severity of an
attack §), ex ante (s) and ex post (r) mitigation actiomg.and w are costs of ext ante
and ex post action respectively g &hd We are utilities in each state of nature. First
order condition for the optimality of ex ante andp®st mitigation actions are as follows:
@) U,=-PULI(L +w,)-(1-P)Uw, =0
©) U, =-PUL(L

Using implicit function theorem, with the assumpsaof continuity of partial
derivatives, we can examine sensitivity of invesitrie ex ante activities toward

parameters such as probability and severity ofti@tlg and costs of mitigation actions.

Using equation (2) it could be shown:

(4) ﬁ: U;\IEWS_UI'E[(LS-'-WS)
oP  —PULCL, +w,)"+PULL, —(1- P
ds _ PUL L, +w, )L, —PULL,
(5) P " 2 ' " 2
00 _PUE [qu-l-Ws) +PUEL§_(1_ PpNEWS
© 0s _ P(L+w)sUt + (- P)wsU e —(PUL +(1-PM )
ow, ~PUZ L +w,)* +PULL, ~(1- P W
@ ds _ PUL B 0L, +w,)

ow, ~PUY L, +w,)] +PULL, (1~ PUcw?

The above equations could be used to generate issight on the sensitivity of
ex ante investments to likelihood and severityaftamination event, and costs if ex ante
and ex post actions respectively. The sign of egu& appears to be determined by the
sign ofLs. The numerator is positive sinte<0 and [L{>ws meaning that marginal

decrease in damages due to ex ante action wiliigerd than marginal costs of ex ante



actions. The denominator is positive under riskran or risk neutrality and convexity
of L. This would be consistent with second order n&sogscondition for maximization
problem. Under these conditions the increasekeliliood of terrorism act increases
optimal level of ex ante actions. The numeratogepiation (5) is positive under risk
aversion or risk neutrality sinde<0 andLs<0. Denominator sign of equation (5) is
identical to that of equation (4). Hence undek asersion or risk neutrality and
convexity ofL the increase in severity of an attack increasésapinvestment if ex

ante actions. It can similarly be observed thatsign of equation (6) is negative under
risk neutrality and convexity df. the numerator is most likely negative sincefirst

term is positive while the second and third termesreegative. Thus, increase in the price
of ex ante actions will probably have an oppoditect on the use of ex ante actions.
However, under risk aversion the sign of equat®ng ambiguous. Equation (7) can be
shown to have a positive sign under convexity ahd risk aversion or risk neutrality
conditions, implying that as ex post activities im@e more expensive it becomes more

advantageous to invest in ex ante activities.

In the above sensitivity analysis the sign of datixes seems to be influenced by

characteristics df. However, even under concavend risk aversion, the signs of the

above equations depend on relative magnitud#@l‘tbg L, +w,)’ +@- P ew?

ano[PU cL|. Therefore empirical investigation presented Weklas initiated to

sl
evaluate the optimality of investing in ex antd@tt as examined in the case of possible

Foot and Mouth disease introduction.



FMD case study

In this section we investigate the optimal comhborabf ex ante and ex post mitigation
strategies under the scenario of possible intraolictf FMD in a region such as the state
of Texas, which in 2002 amounted to roughly 14 getof the total U.S. cattle
operations (NASS). Although the US has beendfdeMD since 1929 (McCauley et al.
p. 2), perhaps some mitigation options merit ingasion to explore ways to minimize
potential losses from possible future introductd®MD which previously caused
serious economic damages elsewhere. For exampdat Britain experienced an FMD
outbreak in 2001 (Scudamore, 2002) where assodataldosses are estimated to be

£5.8-8.5 billion (Thompson et al., p. 25, Manged &arrell, p. 126).

Analysis of decision-making directed toward potaih&iMD outbreaks have been
the topics of numerous studies (Bates et al. JOOB2Bates et al. September 2003; Bates
et al, July 2001; Garner and Lack, Schoenbaum aswel), Berentsen et al., McCauley
et al., Ferguson et al.). All of these studiesmyatoncentrate on decision-making once
an outbreak has occurred largely addressing pdisteak vaccination and slaughter as
FMD disease spread management policies. In suggsaaccination strategies are
generally found to be economically inferior to gjhter strategies or a combination of
slaughter and vaccination strategies (Berentsah pt 239, Schoenbaum and Disney, p.
49, Bates et al. 2003 b p. 205, Keiling, et aB1b) largely due to the fact that once
vaccinated the current state of the science isah@tcannot differentiate between
infected and vaccinated animals and thus mustalestite vaccinated animals. However,
Bates et al. (July 2003) found that ring vaccimatimuld be economically more effective

than slaughter strategy if it was possible to défdiate vaccinated and FMD infected



animals. In a similar study Bates et al. (Febr2@§3 a, b) find that pre-emptive
slaughter of high risk herds and vaccination ohalmals within a specified distance of

an infected herd decreases the duration and damégesepidemic.

Less attention has been devoted to ex ante deasading regarding surveillance
and detection systems, which if present upon adeseutbreak, would allow for timelier
and more effective response actions. Although sattemtion has been raised towards
surveillance systems (Bates et al. September 28K8ar and White), no empirical
investigation has been performed, to the best nknawledge, on the economic balance
that might be drawn between ex ante and ex posideemnaking and associated

expenditures/damages.

Current US programs to detect and prevent FMD @alyhe recognition and
reporting of clinical signs by a producer, animalectaker, meat inspector or veterinarian
(Bates et al. September 2003 p. 609). Reliancgioh an approach has two major
problems. First, detection based on visual obsienvaf clinical signs implies that the
disease could have been present and possibly apgdaefore the realization of its
presence. Second, clinical signs of FMD are iimtistishable from the signs of other
diseases (Bates et al. September, 2003 p. 60®refine, more reliable methods for
detection of FMD may be appropriate. One of thesfale surveillance and detection
systems could be to conduct periodic screeningimhals. Regular screening and testing
of farm animals directed towards evaluating anih@dlth could assist in preventing a
possible intentional spread of FMD or similar dsealLatent period of FMD infected
animal is around one to two weeks (Garner and Ljack4, Carpenter et al. p 11), which

means that frequent testing of animals could déibtd carriers before the clinical signs



of the disease appear. Earlier detection throgiogic testing would allow for timelier
implementation of response strategies such aslgayglisposal, cleaning and
disinfection. Hence, frequent animal testing calgdrease the time of unobstructed
spread of the disease. Therefore, periodic tesfirzgimals could decrease the costs of
response actions as well as the value of lost@gui@al product. Moreover, screening
and testing of animals could be conducted by edh@gional veterinarian or employees

of cattle operations provided adequate traininggating procedures.

A major decision in this setting is associated \eixhante investment in the
detection program. Specifically, under what cirstances is it beneficial to invest in the
detection program and thus intercept the diseasadpn a timely manner, versus rely
on response measure, which, unlike detection pnognsould be activated only if the

outbreak occurs?

Analytical Framework and modeling

Stochastic programming is a widely accepted toalddress uncertainties related to
objective function coefficients, input-output caeiints and right hand sides of the
constraintsDantzig, Cocks, Boisvert and McCaZliari). Two major categories of
stochastic programming are stochastic programmitigowt recourse and stochastic
programming with recourse. Stochastic programmaiitgout recourse assumes that the
decision maker plans now and discovers the resfittee decision later. These type of
models do not provide adoptive solutions. In othierds, solutions received from such
models are based on unconditional expected valdesthe other hand, stochastic
programming with recourse allows some of the densito be modified at later stages of

a process. In other words, some decisions are emadate, followed by a stochastically



determined state of nature, after which the decisiaker is allowed to adjust the
previous decisions (depending on context) and/denmew decisions depending on the
realized state of nature. Discrete stochastignamming with recourse considers
sequential nature of resource endowments and aflmvesarlier decisions and their
consequences to affect later decisions. A twoestigcrete stochastic model with

recoursgDantzig, Cocks, Boisvert and McCaZlari) will be usedn this setting.

Total costs in this model include expenses on #ilamee and detection, costs of
response strategies, and economic damages frotemtigboutbreak. Surveillance and
detection costs encompass fixed costs of instalésting facilities and variable costs of
administering tests that are incurred regardlesaitifreak occurrence. Response costs
include costs associated with vaccination andaugter. Economic damages from
potential outbreak include cattle values lost dumtection and earnings lost per infected
animal. This can be expressed mathematicallylbsyv®. Suppose an outbreak has

probability P of occurrence, then total cost equals
) L(N,R) =Y x FTC + NxVTC + Px[V x H(R) x D(t) + CRx R]

where L(N,R) is costs and losses associated wéthgnmtion of, response to and
occurrence of potential FMD outbreak. N is a nundddests performed annually. R
represents response activities under the statatofenwhere outbreak occurs. V is value
of losses associated with each animal infected RiID. Y is a binary variable
representing investment in surveillance system1 ¥erresponds to the decision of
investing in testing and screening facilities, whl=0 corresponds to no investment in
testing and screening systems. Clearly, Y=0 insdl@at N=0. CR is the costs of

response activities, FTC is fixed testing costdevkilrC is variable testing costs. The



response effectiveness function, H(R), represéetptoportion of animals lost in case of
an outbreak under various levels of response a&f{ieh D(t) is the disease spread

function expressed in terms of days that the desesaallowed to spread before detection.

Empirical Specification

The response effectiveness function, H(R), is hygsized to be convex implying that as
more response actions, such as slaughtering, goged the damages from FMD
outbreak will decrease. However, too much of gsponse actions could increase the

costs. Therefore, a convex quadratic form wasnasdifor the damage function.
© H(R) = (& +a,R+a,R’)

where, R represents the level of response actibasempirical analysis this variable
was normalized tol. Schoenbaum and Disney estithatéhe most effective response
action against FMD outbreak in the US is slaugbtdrerds with clinical signs and herds
in direct contact with the diagnosed herds. Ttrstegy according to their study leads to
17% reduction in number of slaughtered animalsoagpared to the strategy of
slaughtering only the diagnosed herds. Supposéhbalamage function is minimized at
R=1, corresponding to the most effective responsaario according to Schoenbaum
and Disney. Then at R=1 the number of slaughtengaals is reduced by 17%.
Therefore, if at R=0 the proportion of lost animial4d.,, corresponding to losses under no
response actions, than at R=1 the proportion ge®ss 0.83. Consequently, the

response effectiveness function used in this aisalyas H(R)=1-0.34R+0.17R

The disease spread function, D(t), representsuh#ar of herds infected on any
given dayt after the initial infection in the region. Heteas a function of number of

animal screenings conducted in a region per y€his implies that D(t(N)) is a
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decreasing function of the number of screeningsMbther words, an increase in
number of screenings per year will decrease the pariod for the disease to spread

uninterrupted and therefore will decrease the patemumber of infected herds.

t=0

(10) D, = {TN -5 Ei}[l-qc']

D(t) is assumed to have a Reed-Frost equation‘f¢@arpenter et al. p. 12 )

where, TN is total number of herds in the area ép'[d; number of infected animals on

t=t' -1

dayt’, therefor{TN - Z Dt} is number of susceptible herds at time periodytis
t=0

the probability of avoiding the adequate contaetassary to transmit the disease.

Therefore, 1-q is the probability of making an adse contact and is equal %N _1

wherek is number of adequate contacts a herd makes perkdavas assumed to have
slow, 0.15, and fast 0.4 rates according to Schenemband Disney (p. 28). Clis

cumulative number of infectious herds in any tineeiqd during the outbreak. Number

7 ~
of infectious herds is calculated usi@j = Z Dy o reflect the fact that FMD spreads
U

for at least 7 days before showing clinical sighsfection at which point the diseased
herds are assumed to be diagnosed and destrdfyteist. number of infected herds in each

of the time periods during the outbreak. Themeftine total number of infected herds at
t=t*

the time of screening (t*) will be given iy: = Z Iﬁt- . This representation reflects the
t=0

11



fact that in the early stages of FMD outbreak tisease will be spreading at an
increasing rate. However, as the number of intebtrds increases, number of
susceptible herds will decrease. Therefore, aesoomt of FMD outbreak, number of

infected herds will increase at a decreasing rate.

The product of disease spread D(t) and responsetieiness function H(R) is
multiplied by the average loss value per infectedii{V). This value was calculated as

follows:

ap V =CxNH +(CV+%)XNH

where, C is the costs of slaughter, disposal, akgaand disinfection and was assumed to
be $69 per head (Bates et al., February 2003807%). NH is average number of cattle
heads per herd in Texas, which was found to benar80 (Ernie Davis, Personal
Communication, August 2004). CV is an average mtarklue per cattle head assumed
to be $610.00. Gl is gross income for Texas catil calves operations reported to be
$6,829,800,000 in 2001 (Texas Department of Agtica). TN is number of cattle

heads in Texas reported to be approximately 130D00n 2001. Thus, the value used

for V was $58,876.

The costs of testing include costs of surveillgpeeherd and costs of
surveillance per visit corresponding to fixed amdiable costs of screening and testing
system. Fixed testing costs (FTC) are estimatdxt 942,915,000, which was calculated
by multiplying per herd testing costs ($150) foemgions of less than 100 animal heads
(Schoenbaum and Disney, p. 36) and the numbertiié cgoerations in TX (286,100).

The investment made in form of fixed costs is miadie first stage prior to the

12



realization of the state of nature and is indepahdéthe number of screenings
employed. Hence, in equation (1) Y=1 correspondbe decision of investing in testing
and screening facilities, while Y=0 correspondaddnvestment in testing and screening
systems. Variable testing costs (VTC) are assumée $50 per visit per herd
(Schoenbaum and Disney, p.36), under the scen&@oeran outside expertise is
required to conduct the screenings at each faimceN represents number of
screenings in a region such as Texas, VTC represeiatble costs that correspond to
single testing of all the farms in the whole regidtence, for Texas the costs per visit

would be 50*286100=%$14,305,000.

Cost of response (CR) corresponds to costs, whidhde expenses for appraisal
($300 per herd), euthanasia ($5.5 per head), adss=disposal ($12 per head)
(Schoenbaum and Disney, p. 36). Thus, costs pbrese were calculated to be $1175
per herd. Optimal number of herds slaughtered uresponse strategy in Schoenbaum
and Disney was 37 herds. Therefore, costs or nsgpstrategy corresponding to R=1 are
assumed to be 37*1175=$43475. CR could also ircbadts of vaccination, the
estimates of which range from $6 to $8.61 per l{paxCuley et al. p. 4, Bates et al.
February 2003 a p. 806, Schoenbaum and Disney)p.F@wever, we rely on
Schoenbaum and Disney’s results, which show tleabtbst effective response strategy
did not involve vaccination. We exclude vaccinatftom response measures and
assume that loss minimizing response activity ampoads to slaughter of infected herds
and herds with direct contacts with the diagnoséected animals. This analysis
essentially corresponds to the scenario under wirachinated animals are ultimately

slaughtered to avoid trade restrictions. Howethés, may not be necessary after
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development of a vaccine which could be differédetidrom FMD infection. The model

presented here could be adapted to such scenario.

Because of difficulties getting numerical solutiarssng the Reed-Frost
formulation directly it was decided to approxim#te disease spread using a logistic
functional form (12). The Reed-Frost formulatioasaused to simulate daily spread of
FMD under slow and fast rates of spread. In otvmds, daily numbers of infected
herds were simulated using equation (10). TN v&&100,k was 0.15 and 0.4 for slow

and fast spreads respectively.

02 D(t) = “Tﬂ%

For fast disease spread, the logistic function gawvalmost perfect fit to the
Reed-Frost formulation with arRqual to 0.99p,=5120408,=-0.319. For slow
disease spredti=14554.2,=-0.012, B=0.97. Letting t=(365/N+1) and plugging (12)
into (8) the optimal values for N were derived undarious scenarios for Reed-Frost

disease spread approximated by logistic function.

Model experimentation and results

The model is used to examine the optimality of st in ex ante animal surveillance
and detection mechanism to minimize expected ajgisssible FMD introduction.
Specifically the model is used to evaluate theat$fef likelihood and severity of an
outbreak, along with effectiveness and costs ofgatiton options on the decision to
invest in ex ante surveillance and detection syst€mevaluate the effects of threat
characteristics the outbreak likelihood and disespsead rate were varied. Probability of

FMD introduction was varied from 0.001 to 0.9 and disease spread rates were
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considered. The effect of mitigation costs weralyred by decreasing the variable
testing costs by tenfold and hundredfold conseelytivThe effects of response strategy
effectiveness were analyzed by considering twol¢evkresponse effectiveness. One
implied a 17 percent decrease in animal lossesatesponse actions compared to no
response actions (Schoenbaum and Disney, p. 48).other implied a 30 percent
decrease in animal losses due to more effectiyrese actions. The possibility that
detection activities could provide ancillary bereby identifying for example other
animal health problems was also considered. Spaltyf, per herd fixed costs associated
with instituting the surveillance systems were dased. The motivation behind this
decrease is that investments made in detectiorragstould bring other benefits that are
not related to FMD detection. Therefore, thosesliesicould be used to offset some of
the fixed investment costs. Finally, the effedtpast event recovery actions on

optimality of animal screening were investigated.

First we investigated the effect of potential oatik likelihood and disease spread
rate. The hypothesis is that the higher the desedsoduction likelihood and spread rate
the more the optimal strategy would rely on detectystems. The results show (Figure
2) that testing and screening becomes considenablg advantageous for fast spreading
disease than for slow spreading disease. In dadew spreading disease, investment in
detection systems is triggered only at high leeélgutbreak likelihood. However, in
case of fast spreading disease investment in dmtextstems is made even under low
levels of outbreak likelihood. This also impliést optimal mix of mitigation activities
also depends on the probability of an event. Qlyeénareasing the probability of an

outbreak increased the use of surveillance systéfggire 2 also shows the effects of
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changing the variable costs of surveillance andalein. It can easily be observed that
decreasing variable costs of testing and screenargases the worth of investing in such
systems. In case of a slow spreading diseasega@ng the costs of animal testing
changes surveillance/screening systems from ineffico efficient at high levels of
outbreak likelihood. If variable testing costs weecreased hundredfold, then the
number of annual tests in case of slow diseas@aggees from 0 to 6 (Figure 2). In the
case of fast disease spread, the results are tusteative. When variable costs are
decreased 100 fold, corresponding to the scendreyewtesting is cheaply performed by
farm employees, the number of annual tests incsdfagm 13 to 23 at 0.2 probability of

outbreak occurrence (Figure 2).

Next we investigated the effect of response effeciess, ancillary benefits, herd
size, and effectiveness of recovery activities @opgion of testing and screening. We
increased the effectiveness of response actions@® @7 to 0.3. The results indicate that
increasing response effectiveness to 0.3 has/a gftpct on the use of animal health
testing. In all cases, increasing response effentss either increases the event
probability at which detection systems ought tarbplace or slightly decreases the

number of annual animal health tests.

Investing in surveillance systems for detectiofrbfD could have ancillary
benefits in terms of facilitating other animal hband management activities. Testing
could also facilitate keeping inventory of farmrmaals in the region, which could be of
benefit to researchers and policy makers. To exarfiis possibility we ran the
scenarios with the fixed costs of testing decre&se®b0 per herd. It was found that

under slow spread scenarios lowering fixed codexted the outbreak probability at

16



which it was optimal to start investing in survailte systems. For example, with
minimal variable costs and response activity willpgrcent effectiveness, the

probability at which it became advantageous toshye surveillance programs decreased
from 0.6 to 0.4. Similar results were obtainegaéenarios with increased response
effectiveness and higher variable costs of testidgwever, for fast spread scenarios,
such ancillary benefits associated with ex antestment did not affect the number of
annual animal tests. This was a trivial resultaose number of tests is not affected by
fixed costs. Fixed costs are independent of nurabtasts. What is affected by fixed

costs is whether or not there will be surveillapoggram in place at all.

Optimal number of annual animal tests was alsatdteby the average herd size
and effectiveness of recovery activities, whichasgvated after the event takes place
and are intended to minimize the market effec@obutbreak. After changing the
current average herd size of 50 to 400, surveidaard detection systems become more
advantageous than with smaller herd sizes. Fanpba with fast spread and minimal
variable testing costs the optimal number of anitests reached 39 per year. This result
was expected due to the effect of fixed costs tdadmn systems per herd. Effects of
recovery activities were examined by decreasingdosss income per infected animal by
30%. The number of tests decreased only slighttleu such a recovery benefit. Along
the probability spectrum the number of tests dea@anly by 1, if any. This implies
that cattle value losses avoided by detectionagelenough to justify use of detection

and surveillance even under substantial recovergrpm.

Although ex ante and ex post measures do not rexdggsreclude one-another,

they act as substitutes to a certain degree.rimstef strategies adopted here, this
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substitution could be explained by the fact thathase animal testing is performed the
latent period of infected animals is reduced. €&fare, fewer herds are infected by sick
herds, which means less herds will have to be bBlaugd due to direct contacts with
infected herds. On the other hand, at lower pritibiab of event occurrence,
surveillance investment costs are higher than @¢gdemosts of FMD outbreak under
optimal response strategy. Therefore, as testaguéncy decreases at lower

probabilities of an attack, the level of responsi@asures increases in case of an attack.

Economic costs of potential agricultural sabotagéhe form of FMD outbreak,
and various mitigation strategies were calculategims of expected monetary losses in
the cattle industry. Specifically, losses consisietwo parts, cattle values per head and
average revenue per head. The results are depickegure 3 Losses varied from
around $60,000 to around $280,000,000 dependirautireak likelihood, spread rate,
and mitigation strategy. Under fast spread scesatine economic losses are
significantly higher than under slow spread. Tdgses mainly varied according to costs
of surveillance and detection programs. Threel$ewkvariable costs were considered in
this work. Hence, three main patterns of monelasyges stand out. Increasing

effectiveness of response activities had a miniecebn decreasing the losses.

Figure 4 shows expected losses as a percentag&birtonetary worth of
regional Texas cattle industry under the possybiftfast spreading FMD outbreak with
surveillance and detection system in place. Theevaf cattle industry was supposed to
consist of monetary values of live animals and ahguoss revenues generated by those
animals. Hence, losses calculated in this workigea lower bound of potential losses

from a possible FMD outbreak since they do notudellosses in trade or consumer
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surplus. Under such calculations, losses fromtami@al FMD outbreak reached almost
2% of total cattle industry’s economic worth untegh probabilities of outbreak when
surveillance and detection systems were adoptéeé. [dsses with active surveillance and
detection system are considerably lower than logsder no surveillance and detection
system. Up to 70% of Texas cattle industry valod be lost under no surveillance and
detection. Response action, consisting of slaugigt®nly infected and contact herds,

was the only mitigation policy in such scenario.

Conclusions

The goal of this work was to evaluate the optingadit adopting ex ante versus ex post
mitigation actions to fight possible agriculturafrorism event. Aspects such as event
likelihood and severity, along with costs and effemess of mitigation options were
considered as they influence optimal combinatioaxoante and ex post actions. Using
utility maximization approach we formulated thenfilmvork where utility of wealth is
maximized by minimizing the damages and costs @&ssatwith possible agricultural
contamination and mitigation activities respectyvel heoretical analysis showed that
under risk neutrality or risk aversion and conwexrit damage function with respect to ex
ante actions, the use of ex ante actions incresisle®vent severity and likelihood,

reduction in costs of ex ante actions and incr@asests of ex post actions.

The empirical model is based on minimizing prokbatd weighted costs of
potential FMD outbreak and associated ex ante aqmbst mitigation measures. We
investigated ex ante cattle screening and ex pepbnsive cattle slaughter in light of
potential FMD outbreak in a region such as Texagost minimizing model was

developed that traded off ex ante fixed costs ofeillance system and ex-post response
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costs considering stochastic event frequency whiettereaks only occur with a given
probability. The tradeoff was examined by varyihg probability of events, disease
spread rates, costs of surveillance and detectitivitees, effectiveness of response
activities, and ancillary benefits of surveillarased detection activities. Damages
considered here include loss of cattle values assl ¢f gross income. Periodic testing
and screening of cattle as means to detect poltarfeation before the appearance of
clinical signs was considered as an ex ante midigatption. This strategy is adopted
prior to a realization of an outbreak and thusodtices costs that are incurred regardless
of whether or not an outbreak occurs. Slaughténfetted herds and direct contact
herds corresponding to Schoenbaum and Disney wesdased as an ex post measure,

which is activated only in case of disease introidac

The results suggest that the optimal combinatigoreventative and responsive
strategies depends on such factors as diseasel spteastrategy effectiveness,
likelihood of disease introduction, and costs dfigiaition strategies. It was found that
investment in ex ante surveillance increases witheiased likelihood of disease
introduction, reduced costs of surveillance, insegbdisease spread rate, decreased

response effectiveness, and increased averagsiaerd

The empirical results of this work need to be ipteted with care as outcomes
depend on the functional formulation of the disegmead and on the parameters
assumed in the model. Although exponential diseapeead was also investigated in this
work and the results were compatible with thosBBfspread, true spread mechanics
could be different from those considered in thiglgt Moreover, since the exact rate of

disease spread is not known, the model was analyzgder slow and fast spread rates
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based on Schoenbaum and Disney (p. 28) and Baaés @001 p. 1121). It is possible
that the actual rate of the disease spread isantimty different from those assumed in
this study. In such case the numerical resultsdiffer but general conclusion regarding

the relationship between ex ante and ex post deswvill stay the same.

The damages considered in this investigation irelodt value of infected and
slaughtered cattle and associated lost gross inctumgses from trade bans, decreased
tourism, consumer scare and other consequencedDfdutbreak are not considered in
this study. Hence, losses considered here aiy ide lower than actual losses.
Therefore, ex ante strategies may be even morentahye@ous than reported in this study.
Even though the results of empirical investigatieported in this article are contingent
on the assumptions made regarding the diseasedspnelahe simplifications made
regarding the damages of outbreak and benefitat@fanon strategies, the results shed
some light on broad disease management approaElfiestiveness of ex ante actions
seem to depend on various context attributes ssitikedihood and severity of potential
agricultural terrorism event, costs and effectivwnef ex ante and ex post mitigation

strategies, and ancillary benefit of those stra®gi
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Footnotes

365
! Exponential spread was also considered wbB{tg = eﬁ‘ =e N*1 (Anderson and May).
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Figure 1. Stages of decision support tool
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S1 - Slow Spread, Full Variable Costs (FVC)
S2 — Slow Spread, Variable Costs = 0.1FVC
S3 - Slow Spread, Variable Costs = 0.01FVC
F1 — Fast Spread, Full Variable Costs

F2 — Fast Spread, Variable Costs = 0.1FVC

F3 — Fast Spread, Variable Costs = 0.01FVC

Figure 2. Number of annual tests under slow and & spreads with various

costs.
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Figure 3. Economic losses under slow and fast s
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Figure 4. Proportion of cattle industry’s monetaryvalue lost under slow and

fast spread with surveillance and detection
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