View metadata, citation and similar papers at core.ac.uk brought to you by fCORE

provided by Research Papers in Economics

Is prevention better than cure? An empirical investigation for the case of
Avian Influenza

Longworth N., Jongeneel R.A., Saatkamp H.W. and Huirne R.B.M.

/“gm ‘ﬁ\
vgg \

Paper prepared for presentation at the 12" EAAE Congress
‘People, Food and Environments: Global Trends and European Strategies’,
Gent (Belgium), 26-29 August 2008

Copyright 2008 by [Longworth N., Jongeneel R.A., Saatkamp H.W. and Huirne R.B.M.] All
rights reserved. Readers may make verbatim copies of this document for non-commercial
purposes by any means, provided that this copyright notice appears on all such copies.


https://core.ac.uk/display/6522619?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

| s prevention better than cure? An empirical investigation for the case of Avian
Influenza

Longworth N., Jongeneel R.A., Saatkamp H.W. andituR.B.M.

Wageningen University and Research Centre/DepartafeSucial Sciences, Wageningen, the Netherlands

Abstract- The new EU Animal Health Strategy suggestsa
shift in emphasis away from control towards prevention
and surveillance activitiesfor the management of threats
to animal health. The optimal combination of these
actions will differ among diseases and depend on largely
unknown and uncertain costs and benefits. This paper
reports an empirical investigation of this issue for the
case of Avian Influenza. The results suggest that the
optimal combination of actions will be dependent on the
objective of the decision maker and that conflict exists
between an optimal strategy which minimises costs to
the government and one which maximises producer
profits or minimises negative effects on human health.
From the perspective of minimising the effects on
human health, prevention appears preferable to cure
but the caseislessclear for other objectives.
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I. INTRODUCTION

An increasing number of outbreaks of Avian
Influenza (Al) in domestic poultry have occurred
worldwide in the last few decades; with large
outbreaks also in EU member states, namely in the
Netherlands and ltaly. Similar to other epizootic
diseases such as Foot and Mouth Disease (FMD) and
Classical Swine Fever (CSF), outbreaks of Al can
have serious impacts on animal health and welfare,
producers, markets and trade. In contrast to FMd an
CSF however, Al viruses also have implications for
human health. Al viruses can be transmitted to msma
causing a range of illness from no symptoms, thinoug
to conjunctivitis, serious influenza and fatalit[@s 3].
Additionally, Al viruses can either mutate or remss
to become a novel influenza virus in humans,
potentially resulting in an influenza pandemic [3].

The risks to human health suggest that demand
shocks may also be relevant, since consumers may
perceive a health risk to be present from eating
infected poultry meat. In 2006, consumption of
poultry meat dropped severely in several EU member

In 2007, the European Commission published a nestates, following reports of cases of Al in wildds
Animal Health Strategy (AHS) for the Europeanand backyard poultry [4]. However, this effect on
Union (2007-2013) with the vision that “preventisn consumption was not seen in 2007 [5]. It seemdylike
better than cure” [1]. The goals of this strategy @ that outbreaks of Al will remain a threat in the
ensure a high level of public health and food yafet foreseeable future. Considering the potential irhpac
promote animal health thereby supporting farming anthat Al could have on the achievement of the goéls
the rural economy, to improve economic growththe AHS, it would appear to be a high priority tire
cohesion, and competitiveness, and to promote The AHS envisages a shift in emphasis away from
farming practises and animal welfare which preventontrol towards prevention and surveillance. In the
animal health related threats and minimisenanagement of epizootic animal diseases, three
environmental impacts. Four areas of activity arg@opulation states are distinguished. The norm# ssa
outlined: prioritisation of EU intervention; a made disease-free where there is no disease presehein t
animal health framework; animal-related threapopulation. Once the disease is introduced, there i
prevention, surveillance and preparedness; andsually a period of delay before the disease is
science, innovation and research. With respecheo t detected. During this state (called the high riskiqu,
first area, threats to animal health will be assét® HRP), the disease can spread freely within the
determine their relevance to the goals of the AtH€, population. Once the disease is detected then the
“acceptable level of risk” for the Community, arftet population enters the post-HRP state and control
relative priority for action to reduce the risk. rFo measures are implemented to eradicate the disease.
serious threats to human health and the rural espno Risk management of epizootic diseases aims to
the goal is to reduce the risk to a negligible leve influence the occurrence and timing of the everfits o

disease introduction (prevention), detection



(monitoring/surveillance) and eradication (control) outbreak state in this model consists of the HR& an
The balance between these three actions will diffggost-HRP states defined earlier (i.e. all stategreh
between diseases and depends on the uncertain (ahd Al virus is present in the population). Diffete
often unknown) costs and benefits of each action.  objective functions are explored relating to the

The literature regarding the analysis of preventioeconomic impacts on stakeholders, the costs to the
versus mitigation options for threats to animalltiea government and the effects on human health
is limited. In the context of epizootic animal dises, (infections with Al). This approach differs from
Elbakidze and McCarl [6] examined the optimalstandard economic welfare analyses and was chosen
balance between pre- and post-event actions withfar two reasons. Firstly, the aim of this paperais
specific application for FMD. The decision problemexploration of the issue and individual optimisatiaf
was to choose the level of surveillance and cotitai objectives allows more insights regarding potential
minimised expected costs, where surveillance ancbnflicts to be gained. Secondly, it is not cleawtthe
control had per unit costs and losses related ¢o thlifferent dimensions of risk (i.e. human healtheef§
value of culled herds. Their results suggest that t versus economic impact on producers) should be
optimal level of investment in surveillance isaggregated. The complexity of the objective funwio
increasing in the rate of disease spread, costrtf@ makes numerical approaches attractive for exploring
and probability of disease introduction; and desirep  the optimal levels of prevention, monitoring and
in the effectiveness of control and cost of sutaage. control. In this paper a stylised facts-based eicgdir
In the context of diseases at farm level, Chi e{#@dl application is developed which is based closelyhan
considered the optimal balance between preventigituation in the Netherlands.
and treatment of disease. Much more attention hasThe empirical application in this paper closely
been given to these options individually, partidyla follows a theoretical framework developed by the
regarding control strategies for epizootic animahuthors (Longworth et al., submitted). Preventien i
diseases [e.g. 8, 9-11]. Analysis of preventior] fil  defined as activities aimed at reducing the likedith
surveillance [13] options is less frequent and $asu of virus introduction (equivalent to the probalyilibf
on (stochastic) cost-effectiveness. In their welfarthe outbreak state occurring). Monitoring is defiraes
analysis of the effects of the CSF outbreak in thactivities aimed at early detection of the virus®it
Netherlands in 1997, Mangen and Burrell [11] chearl is present in the poultry population. Control iimied
showed that the concept of the economic lossess activities aimed at reducing virus spread and
associated with a disease outbreak is quite siieglif eliminating the virus from the population. Preventi
Total losses hides the differential effects orand monitoring are implemented continuously (with
stakeholders where some stakeholders may actuatlye focus on implementation during the normal stéte
gain from an outbreak. In the analysis of Mangeth annature) while control only takes place in the oe#tr
Burrell [11], this differential effect was parti@uly state of nature. In terms of risk reduction, preien
noticeable for producers situated inside and oeitid reduces the likelihood of the adverse event while
quarantine zone. The differential effect onmonitoring and control reduce the consequences
stakeholders will be particularly complex when(“cure”) of the event. In this paper, an intensity
demand shocks may also play a role, such as in theeasure is used for the levels of each action wikieh
case of Al conceptual simplification of reality where eachi@tt

The aim of this paper is to explore the issue ef thconsists of a number of discrete measur&sich a
optimal levels of prevention, monitoring (surveilte) simplification is currently necessary but has
and control for the management of Al outbreaks immplications for the parameterisation of costs and
domestic poultry. Particular attention is given toefficacies of each action.
identifying situations where prevention may be The outline of this paper is as follows. In section
preferred to cure. The approach is based on an@ti two, the empirical model is outlined in terms o€ th
decision maker who is responsible for formulatiisg r
Geciaion maker chaoses. the. level of - prevention " (heory. ll he possibie combinaions of meesiand

o . Nheir individual intensities) could be examined floeir
monitoring and control to optimise the expectedi®al efficacy. This requires considerable modelling watich
of an objective function across two states of regtur js currently unavailable for Al (for examples fo8E see
the normal (no-outbreak) and outbreak states. THe2] for prevention, [14] for surveillance and [185] for
control).




following components: epidemiological functions, The epidemiological population under consideration
effects on human health, the producers’ profits the domestic commercial poultry population withi
maximisation problem, the consumers’ utilitya country.
maximisation problem and objectives of the decision Prices are currently modelled exogenously. The
maker. In section three the results of the emgiricampact of price changes in the normal and outbreak
model are presented and discussed. Section fostiates of nature is explored using price scenarios.
provides concluding remarks. Base year data used to calibrate the model is
presented in Table 1. This data represents thatigitu
in the Netherlands in 2005. The equations in thdeho
Il. THE MODEL and the value of parameters are presented in Bable

Three choice or management variables argable 2: kinctional forms and values of parameters usedeén th
considered in the framework: prevention,”, X model
monitoring, X', and control, X, with 0<X'<100, for
i=P, M, C; where 0 represents a very low (almost non=

Function and Parameters

. . - . . —a,xP
existent) intensity and 100 represents the maximumy '”(XP)= agel )
technically feasible level. Some level of monitgriis g = 05/a, =0018
still present at X=0, since producers still check their [_szc]
flocks everyday and will eventually notice and re@o epS(XM ,Xc):s&l Bl %
disease with very high mortality. This is takenoint ¢, =05
account in the epidemiological functions. Due te th %

. . . . _1_ AR _ . _
complexity of the economic impacts, at this stage3? q=1-e € =094 Ry=3
control excludes vaccination and is restricted tog, ¢, =" b =30 b, <0, 025
culling of infected flocks and preemptive culling o

. -1
risk flocks. . epi(x xC)= MlN[365dl+365eazeps]
Table 1: Bise year dafaised to calibrate the model d,=35 d, =001
& Unless otherwise specified, base year refersagear 2005 " 2
® Anonymous [17] 5 qz(eps, X ™) = ’V”N(S, eps+ fX )
“Verbeke and Ward [18]

4 Huishoudelijke aankopen pluimveevlees Nederlad852de kwartal. f=03
. Retrieved10-01-2008, 2007, _from https://bedrijfspm.agro.nll. hIm = pdm 4 pdm ; B K

Calculated from feed conversion rates in b =hg" +h"eps, for m=n,o,
2 ; ! .
frgriliulated from delivery weights and mortalityesain base year. Data 6 h(])_n =01 hlln =00, h(l)o =174
3 Estimated per person consumption based on tatstroption in d. hio =1E7%; hk =00, h* =17

Variable Value Source 7a cf (X P xM ): ky + Ky X 3, kgX M 3

Length of production cycle in days 53 b k1 =430000 k=5 k3=5

M yC)|_ 2 2

Price of poultry stock (€/thousand birds) 2705 b 7b CV(X X )_ 11 +1262° + lsepl = + 1402 Tepl

_ I, =23500000 |,=10, l3=15Q 1, =50

Price of feed (€/tonneyy: 233 b

gs = AN9FPKYa-F
Feed per cycle (tonnef, 279 ] 8
per cycle (tonnej A=4845 @=0278 [=0403
Poultry stock per cycle (thousand birds), 75 b
ry per cycle ( ) g(xp’XM)zngpz_'_gzxMz
Producer price of output (€/tonng), 750 b 9 1E05
091=092 =
Output in base year (tonne) 155.61 B ,
Number of producer householgs, 2800 10 U= fidp ~05f20p” ~&ip +2
f, =1686, f,= 085
Number of consumer households (million), 10.6 d
« fi-p-@
Poultry consumed (kglio 13.42 d 11 do :%
2

Consumer price (€/kg) 5.4 d

. . 6t =a+ Aeps

Price elasticity of demand for poultry meat -0.47 c 12

a =00, A=0.0044




infected premises at first detection wh¥t=0, b, is
an efficacy parameter for monitoring, is an efficacy
parameter for controlg; is the number of expected
The key epidemiological processes of viruanfected premises at first detection, and the total
introduction into a population and virus spread areaumber of premises (producers) in the population.
captured using three functions. One function castur Estimates of Rfor HPAI outbreaks in industrialised
the effect of prevention on the expected annualountries range from 0.9 to 3.6 [25]. In simulation
likelihood of virus introduction into the domestic studies, a high correlation is often found betwten
poultry population. The other two functions capturdength and size of an epidemic [26, 27].
the effect of monitoring and control on the expdcte Equation (4) gives the functional form for the léng
length and size of an epidemic. The specificat®n iof an epidemic as a function of the size of the
designed to capture the main effects without datpil epidemic (and therefore also monitoring and coptrol
the underlying biological processes. where d; is the minimum length of the epidemic (the
The likelihood of introduction is modelled using aminimum expected HRP plus the number of days after
similar functional form to that adopted by Leungakt the last infected farm is detected before the quera
[19] and Finnoff et al. [20] to model the probatyilof  zone is lifted) andd, is a parameter that relates the
invasion for a highly mobile invasive species withlength of an epidemic to its size.
numerous introduction pathways. The likelihood of The size of the quarantine zone (i.e. the number of
introduction is specified in equation (1), wheage producers facing production restrictions) is an
represents some base probability of introductiod anmportant variable determining the economic impact
the parametea, represents the efficacy of preventionof an animal disease epidemic. Control has a two-
efforts. The function in equation (1) is paramesedi sided effect on the size of the quarantine zoneth@en
by assuming that at an average level of preventiomne hand, culling of infected and at-risk premises
(XP=50), the expected likelihood of introduction isreduces the number of infected premises (and
once every five years [21] and that the base piibityab therefore the quarantine zone) while on the otlaedh
is equal to one outbreak every two years. the quarantine zone increases because more at-risk
No modelling studies were available which could bg@remises are inside the zone. The functional form
used to estimate the effects of increases in iitfeas  chosen to capture these effects on the number of
monitoring and control on the expected final sind a producers inside the quarantine zone is given in
length of an Al epidemic. Functional forms wereequation (5), wherd is a parameter reflecting the

A. Efficacy of prevention, monitoring and control

chosen to represent realistic relationshifide effect
of monitoring and control on the final size andgdn

of an epidemic is modelled using the function giugn

equations (2) and (3a-3b); where the variahles the
final size equatioﬁ the variableR, is the basic

reproduction ratiy b, is the maximum number of

2 Standard mathematical epidemiological models $32,
detailing the dynamics of infection in a populatamd
transmission between individuals could have beed.us
However the problem of estimating the effect of itanng
and control on transmission would remain. Given the
complexity of all the equations in the model, tppm@ach
adopted in this paper has been to use this thednfdarm
the choice of a relatively simple functional forar the
expected size and length of an epidemic.

% The final size equation from a simple mathematical
epidemiological model assuming a closed populadiuh a
large number of infected and susceptible individ{ia#].
The final size is the fraction of the total popidatwhich
would have been infected at the end of an epidemic.

* The basic reproduction ratio is the average nurabaew
infections caused by one average infected indivVidlua

magnitude of the direct effect of control on the
guarantine zone.

B. Effects on human health

Although it is known that humans can become
infected with Al, the relationship between exposure
and likelihood of infection and illness is unknowlra
capture some form of exposure, the likelihood of
infection is modelled as a function of the expected
epidemic size. Although a major simplification, Buc
an approach seems reasonable from the perspettive o
a national decision maker. Given that poultry
producers will generally have more intense contact
with poultry, this stakeholder group is assumed to
have a higher likelihood of infection. Within this
stakeholder group, producers on infected farmslvell
more at risk than those on uninfected farms. Simple
linear functions are chosen. No information is

population of susceptibles. This measure is an ftapbd
indicator of the rate of spread of an epidemic.



available to parameterise this effect with any azcy Using the production function in equation (8), the
The health effects for the three stakeholder groupsorresponding factor demand equations and data from
m=n,0,k, (producern inside the quarantine zone, 2005, the parameters Aandp were calibrated.
producero outside the quarantine zone and consumer

k) are given in equation (6). E. Consumer problem

C. Government costs The utility maximisation problem for the
representative consumer is based on the classical

Government costs are split into an annual and @pProach of Mussa and Rosen [28] to model
periodic component. Annual costs refer to the cokts consumer demand for differentiated products. This
continuous  implementation of prevention and@Pproach has been used to model perceived quality
monitoring. Periodic costs relate to the costsaoftol ~ differences of products, including the case of foren

and are only relevant in the outbreak state. Thgeated beef [see 29]. _ .
government cost function for annual costs is The representative consumer is assumed to derive

represented with a cubic function. High levels otitility from consumption of poultry productgp, and
prevention and control are assumed to be veryycostlOf @ composite consumption goad,with a perfectly
The periodic cost function is represented with &@stic supply. Utility is represented by a quasear
quadratic function. The functional forms for theotw Utility ~ function  such that u=v(dp)-&p +2.
cost functions are given in equations (7a) and.(7bfonsumers perceive that consumption of Al-infected
Given the lack of data surrounding costs, thespoultry products may lead to infection with Al véu
functions have been parameterised with plausibléhese preferences regarding potential risks of okl f
guesstimates based on the costs of current mamgtorihuman health (via consumption of poultry products)
and prevention programmes in the Netherlands and thre represented by the terr. The preferences

costs of controlling the 2003 HPAI outbreak. represented byd are potentially different in the
outbreak and no-outbreak states of nature. A qtiadra
D. Producer problem form was chosen for the utility functiom, The utility

function is given in equation (10) and the
The representative producer is assumed to be profibrresponding demand function in equation (11).
maximising taking the state of nature as given. In the no-outbreak situation, theta is given by
Production technology is represented using a Coblg=¢, and in the outbreak situation #=a + A(eps)

Douglas functional form with constant returns talsc (equation 12). The parametdisandf, are calibrated
defined over three inputs: poultry stodk, feed,F, ysing base year data on average consumption and
and a fixed capital inpuk. This function is given in price of poultry products in 2005 and an own-price
equation (8) where the fixed capital input is used g|asticity of -0.47 [18]A was chosen such that when
index form withK=1. Output,gs has a per unit price the expected epidemic size is at its maximum, deiman

of p, poultry stock has a per unit price wf, feed a from the representative consumer is zero.
per unit price ofws and capital a price ofv. In

addition producers face per stock unit costs aasmti F. Objectives of the decision maker
with the level of prevention and monitoring chossn

the national decision makeg,(XP.XM ) A quadratic Four separate objectives are considered for the
functional form is chosen for the functiom, as decision maker. It is assumed that the decisionemak
represented in equation (9), where it is assumatl thwishes to maximise the expected profits and utdity
prevention and monitoring carry the same costs fdhe representative producer and consumer, to msgimi
producersd;= g,). In the outbreak state, poultry flocks the expected costs for the government and to masimi
within the quarantine zone are assumed to be culldéde expected number of annual human infections with
and thereafter unable to produce until the endhef t Al virus. Hereafter, these objectives are refetieds
epidemic. 95 per cent of the market price of théedu the profit, utility, cost and health objectives
flock is compensated; no compensation is paidtfer t respectively. Prices in the no-outbreak and outbrea
period that production is stopped. Producers oatsicstates of nature are denotecpdandp' respectively.

the quarantine zone are assumed to face no rastdct ~ The health objective is presented in equation (13).
on production and may respond to price changes.



min and the optimal levels of each actiorf (X", X°) are
xP, XM X (13) presented. The numbers in bold represent the best
{in(xp)[[bps[hln +(s—eps)m1°(eps)+tﬂwlm(ep8)]} achievable values for each objective while those in

italics are the worst achievable values. Table @wsh

at there is no conflict (for this price scenario)
etween the health and utility objectives whileréhis
quite some conflict between the health and cost
bjectives in terms of minimising health effectadan
etween the profit and cost objectives in terms of
t|§1inimising costs.

The health objective is minimised whef ahd X’

This objective can be interpreted as the number
stakeholders in each group multiplied by theirb
individual likelihood of infection, multiplied byhe
probability of the outbreak state. o

The cost objective is presented in equation (14)3
which is the annual costs plus the periodic cos
multiplied by the probability of the outbreak state

_min are at their maximum levels (100) and=84. These
X7xT,X (14) levels correspond to the levels which minimise the
{Cf(XP,XM)+in(XP)E¢v(epI,qZ)} expected size of the epidemic, hereafter termed

, S . : epidemiologically optimal levels. At these levels,
Th? profit objective is p_re_sented In equation (ls)utility is also maximised. For these two objectives
Th'z IS l;[he expec]'Eed profit Im t::e outgreallz ant;l NOhese results suggest that prevention (as ref¢orea
outbreak states of nature. In the outbreak stales o Apg 1o include monitoring) is preferable toeur
nature, two additional sub-states are dIStInQUISheﬁi' contrast, the profit objective stands out beeahis

[ﬁlatlng to t\_/vhether ﬂﬁ] p?_c:(dllj_ﬁer ('js :cnslo_le Qrsﬁs' represents a situation of no prevention and maximum
€ quarantine zone. he likelinood of being In control. This is due to the assumption that prodsice

quarantine zone is equal to the proportion of peeds! face annual costs associated with the level of

expected to be within the quarantine zoﬂ%, prevention and control, but not directly for cohtr&
S

different cost sharing arrangement could reduce the
omax conflict between objectives.

_ (15) Table 3: Ryoff matrix for the four objectives when prices do
{[1—in(x P)nﬂl +in(xF’{%nJk +(1—%jnﬂ }} not change

& Annual expected number of human infections withvilis
0j . . ® Annual expected cost for the government, in milkb
where 77 refer to profits in the normal state of  cannual expected profit for a representative predyin thousand €

nature, n.lk refers to pI‘OfItS in the outbreak state of Annual expected utility for a representative caner in utils

nature for producers inside the quarantine zone angh;. Health  Cost  Profit Utility® XP XM xe

7 refers to profits in the outbreak state for praﬂac Health 0.05 14.00 13371 150.24 100 100 34

outside the quarantine zone. o Cost 153 1032 153.92 14934 75 85 25
Finally, the utility objective is presented in etjoa _

(16) Profit 161 60325 20616 149.35 0 42 100

Utility 005 1400 13371 15024 100 100 34

max

xP,xM x¢ (16)

AopY <[ 0 -0 AopY (1 o The payoff matrix in Table 3 reflects the price
{[1_'”()( )}J (p 0 ’Z)+'n(x )J (p 0 Z)} scenario when prices are unaffected by the outbreak
state. The magnitude and direction of price changes
an outbreak depend on the size of supply and demand

lll. RESULTS AND DISCUSSION shocks and the nature of any potential trade bans.
the EU, both price decreases and increases have
Optimising each objective separately indicates theccurred in response to Al outbreaks. The large
level of conflict that exists between the objectivEhe outbreak in the Netherlands in 2003 resulted iargd
degree of conflict can be shown in a payoff ma#sx increase in egg prices (mainly layers were affécted
presented in Table 3. This payoff matrix is for thewhile sporadic, small outbreaks in EU member states
scenario where prices do not change. The objective 2006 resulted in short term decreases in poultry
which is optimised is shown in the first columnitfe meat prices. The first case was consistent withrgel
rows, the corresponding levels of the other obyesti supply shock (with little or no demand shock) while



the latter was consistent with demand shocks. Priggovide a strategy which is acceptable for all
changes have no effect on the optimal levels abast objectives and stakeholders.
for the cost and health objectives. For the utility If the economic impact on stakeholders is
objective, the optimal levels of'Xand X remain the considered, then the case for prevention preferable
same for all price scenarios whilé % 0 for all price cure is less clear cut. In our analysis, an outbdeses
decrease scenarios anfl X 100 for all price increase not always lead to welfare losses for producers and
scenarios. The effect of price changes on the gptimconsumers. A similar result was found by Mangen et
levels of each action for the profit objective almwn al. [11] for CSF. These welfare effects are heavily
in Table 4. dependent on price changes. In the current analysis
prices are exogenous and the effect of price clmange
Table 4: Qtimal levels of X, XM and X for the proft has been explored through potential price scenarios
objective under different price scenarios Endogenising price and trade effects would allow a
Price scenario for the outbreak state, percentagage from more thoro_ugh analySlS of this aspect and should be
p° addressed in further research.

50 25 10 0 10 425 +50 Given the difference in approaches it is difficidt
compare our results with those of Elbakidze and
McCarl [6] for FMD. Considering the objective ofsto
minimisation (this is closest to their objective

X° 100 100 100 100 100 100 100  function), first sensitivity analysis (results reitown)
suggests similar findings: optimal levels of pret@m
The level of ¥ which maximises the profit and monitoring increase as the base likelihood of
objective is the same regardless of the price siena introduction increases, the efficacy of control
XP and X' remain similar for all price increase decreases, and the costs of prevention and cdattol
scenarios but differ dramatically for price decesas However the effects are different for preventiord an
The larger the expected price decrease the higiger tmonitoring. Although prevention and monitoring are
optimal level of X and the lower the level of®X both pre-event actions, prevention reduces the
When prices decrease, producers collectively lase likelihood of the adverse event while monitoring
the outbreak situation so a high level of prevenim reduces the consequences (cure). This is not eaptur
optimal. However prevention and monitoring areby the approach of Elbakidze and McCarl [6].
costly for producers and it is optimal to reduce th
level of monitoring (the expected epidemic length

XP 67 50 30 0 0 0 0
XM 3 37 40 42 43 43 43

becomes longer but has a smaller impact on expected IV.. CONCLUDING REMARKS
profits because the likelihood of the outbreak estat _ S
occurring is lower). From the perspective of minimising effects on

These results suggest that the effect of epidemfiman health or minimising government costs, our
length on profits is more important than the sizéhe ~ results indeed suggest that prevention is preferabl
quarantine zone (at%¢100 all producers are inside cure, although these two objectives imply a differe
the quarantine zone), but this is dependent on tf@lance between prevention and monitoring. The case
assumption that producers face direct annual dosts IS 1€ss clear cut when considering the economic
prevention and monitoring but not for control. et iMpacts on stakeholders, which are largely dependen
epidemic is short (especially if it is shorter thétwe ON price effects. Endogenising prices in the model
average production cycle), then economic losses féfould better capture these effects. The four objest
producers in the quarantine zone remain small aad tconsidered in this paper show different degrees of
size of the quarantine zone is less important. Theonflict. Different cost sharing arrangement may
impact of different cost sharing arrangements megui Provide an opportunity to reduce the conflict bedwe
further investigation, since the results here arf€ oObjectives pertaining to the economic impact on
dependent on the assumptions regarding cost sharif§@keholders and those pertaining to human heatth a
A cost sharing arrangement where the costs @overnment costs. However, any overall risk
prevention and monitoring are spread over alf@nagement strategy will entail a compromise in
stakeholders and where producers also share inotontachieving these objectives. Further research should

costs could reduce the conflict between objectaes aﬂdress issues regarding integration/aggregatioeof
objectives.



These results are indicative only and dependent éh
the functional forms and parameters chosen. A more
thorough analysis of the sensitivity of resultsthe
functional forms and parameters chosen is require(ljé
As integrated epidemiological and economic studies
regarding the efficacies and costs of prevention,
monitoring and control actions become availables th

empirical application can be further improved. 17.
18.
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