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SUMMARY

F M D  is a highly  contagious livestock d isease with significant repercussions for livestock producers 

particularly  in terms o f  productivity  and trade effects, with m any  other sectors also being negatively 

affected by the measures which must be taken to control an outbreak. The disease has the ability to spread 

rapid ly  and survive under a variety  o f  conditions and its control and eradication is h indered by the many 

w ays  in w hich  it can be spread. Following the 2001 ou tbreak in various EU M em ber  States, there was 

severe criticism th roughout Europe o f  the cull ing policy  used to contain the virus in the  M em ber States 

affected and attention has turned towards the strategic use o f  em ergency  vaccination in the event o f  future 

outbreaks.

This  thesis exam ines the potential use o f  em ergency  vaccination in an Irish context, as an adjunct to the 

basic slaughter policy, and explores the cost-effectiveness o f  the alternative control strategies o f  stamping- 

out (SO ) a lone and stam ping-out in conjunction with em ergency  vaccination (SO E V ). In the current 

climate o f  m oving  tow ards greater agricultural trade liberalisation, leading to the increasing m ovem ent o f  

animals, future outbreaks are not ju s t  likely but inevitable; therefore  it is vital that the hazards and control 

o f  ano ther epidem ic be confronted. Econom ic  dam age  was m inim ised during  the 2001 outbreak in Ireland 

due to the speed and effectiveness o f  the control strategy put in place; the econom ic  costs o f  a potential 

future outbreak could well prove more damaging. N um ero us  legislative changes  w ere undertaken on the 

European Union level after 2001 and the FM D  Directive 2003/85 /E C  introduced. Each M em ber State is 

now  required to prepare a cost-beneflt analysis o f  alternative control strategies.

The change in the em phasis  placed on em ergency  vaccination as a disease control measure has been 

assisted by  am endm ents  to the O IE  rules in M ay  2002, on the time required to regain FM D  free status 

after the use o f  vaccination. A ny decision in this country, to em ploy  em ergency  vaccination as part o f  a 

future control strategy here would have to take account o f  the impact such a cam pa ign  would have on the 

trading environment.  As in 2001, the basic disease control policy in the event o f  a future outbreak would 

be the slaughter o f  susceptible  animals on infected prem ises and those identif ied as dangerous contacts. In 

the Irish case it is envisaged that vaccinates w ould  subsequently  be slaughtered  as this would result in 

fewer trade implications than i f  vaccinates were alternatively allowed enter the food chain. Once 

vaccinates are subsequently  slaughtered, countries are officia lly  a llowed back into markets  three months 

after the slaughter o f  the last animal. I f  vaccinates are not slaughtered market access is restricted for a 

further three months.

There are three main parts to the thesis. The  first focuses on the ep idem io logy  o f  the disease and the 

epidem iological model N A A D S M . The second part analyses the subsequent d irect costs and economic 

effects for the agricultural sector. The  third part exam ines the indirect costs and the knock-on effects for 

the entire econom y and in particular the tourism industry.



C hapter I serves as an introduction and outlines the overall structure and objectives o f  the study. Chapter 

2 describes the epidem iology o f  the disease with a general introduction to the area o f  veterinary and 

animal health economics. The history o f  the disease and a synopsis o f  the 2001 outbreak is then given. 

Chapter 3 com prises a review o f  the literature. Chapter 4 outlines how by com bining the epidemiological 

and econom ic modules contained in North American Animal Disease Model (NAADSM ), the alternative 

control costs associated with SO and SOEV are compared in an Irish context for a number of hypothetical 

outbreaks. In choosing an appropriate control strategy in the face o f  a particular outbreak, it is assumed 

that the decision-m aker will choose to minimise overall economic cost. Irish specific parameter values are 

used where possible, but where these were unavailable substitutes from the literature were chosen.

Chapter 5 outlined the regions to be examined and the simulation scenarios undertaken. Regions o f  

differing herd density, production type and location within the country were chosen for study to assess 

how well both control strategies would operate in a number o f  diverse areas. In Chapter 6 the economic 

implications for trade and tourism  and the indirect costs associated with alternative control strategies are 

further examined using a com putable general equilibrium (CGE) model, GTAP. Having simulated several 

illustrative outbreaks with regions o f  differing herd size and density, this output is then used to generate 

subsequent trade and price effects at both a regional and national level. The overall economic impact o f  a 

disease outbreak, trade and m ovem ent restrictions and the cost effectiveness o f  alternative control 

strategies is encompassed in this exercise. The economy-wide effects o f  a decrease in the national herd 

and the implications o f  trade bans are assessed as is the national impact o f  a loss in tourist revenue.

In term s o f  assessing the direct costs o f  FMD control, it would appear from the analysis that a policy o f  

SOEV is more cost-effective in tackling an outbreak in a low density region only. Holding constant all 

modelling parameters, SO was found to be more cost-effective in two out o f  the three high-density 

regions. Overall, this underlines the fact that there is no common ‘best’ policy in term s o f  FMD control in 

the face o f  an outbreak -  differences across regions in terms o f  area, size and structural differences 

indicate that any decision taken in determ ining the most appropriate control strategy must be taken at a 

regional level. The contribution o f  this analysis is to illustrate the working o f  the epidemiological model 

which appears to accurately follow  the path o f  disease spread and the relative effectiveness of the chosen 

control strategies in m inimising both the duration and overall costs o f  an outbreak.

In scaling up to a national outbreak in an Irish context based on the analysis undertaken here it can be 

concluded that SO is more cost-effective in the Irish case. With regard to overall costs (direct and 

indirect). W ithout taking pigs into account SO was found to be the more cost-effective to the tune o f  

€3 .9m in the case o f  a UK ban scenario, €12.7m when an EU-wide ban is in place and €27.4m when a 

w orldwide ban is imposed. These figures are higher when pigs in region 4 are factored. In that case the 

cost differential is €4 .5m when imports are restricted to the UK, €14.3m when an EU-wide ban is in place 

and €27.6m  when restrictions are imposed on Irish exports around the world.

Based on the average outbreak then for a number o f  hypothetical regions this study favours the 

continuation o f  the culling policy in an Irish context. Stamping-out was found in the main to incur fewer 

relative direct and indirect costs and minimised the econom ic impact for the econom y as a whole.
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“The first lesson o f economics is scarcity; there is never enough o f  anything 
to satisfy all those who want it. The first lesson ofpolitics is to disregard the 
first lesson o f  economics. ”

Thomas Sow ell (American Writer and Economist, 1930)

Dum Spiro Spero

( “While I breathe, I  hope ”)



CHAPTER 1 

INTRODUCTION TO THE THESIS

1.1 Setting the Context

Following the Foot-and-M outh disease (FMD) outbreak in Ireland in March 2001, the 

first for sixty years, the vulnerability o f Irelands’ farm and non-farm economy to the 

threat o f exotic livestock diseases was exposed. This outbreak was part o f a wider EU 

outbreak and there has been much study o f its economic consequences.' Little emphasis 

however has been placed on an evaluation o f control and eradication strategies. Using 

an integrated approach, combining an epidemiological model and an economic model, 

alternative control strategies are compared here during hypothetical outbreaks using 

computer-simulation models -  North American Animal Disease Model (NAADSM) and 

Global Trade Analysis Project (GTAP). The approach adopted is to evaluate the costs 

invested in or associated with FMD control and compare them to the economic benefits 

attributable to those control strategies. This analysis is ex ante -  looking forward rather 

than back at past performance, and considering costs and benefits under possible 

scenarios for FMD control policy and trade opportunities.

' Matthews and O ’Toole, 2001; OIE, 2001; FAO, 2001; EU, 2002; Indecon, 2002.



Routine vaccination against FMD was used in nine EC countries (Belgium, Germany, 

Greece (Evros), Spain, France, Luxembourg, the Netherlands, Portugal, Italy) until 31^' 

December 1991, when the disease ceased to be endemic. Ireland, Denmark and the UK 

did not vaccinate at this time. A Cost-Benefit analysis was carried out in 1989 as part o f 

the preparations for the European Single Market. The need to promote trade in 

livestock in general made it essential for the Community to establish a common policy 

for preventing and controlling FMD. This study examined the policies o f preventive 

vaccination and systematic slaughter, and concluded that the discontinuation o f 

preventive mass vaccination was economically justified. As from 1992, therefore, it 

extended to all Member States the ban on preventive vaccination o f  livestock against the 

disease and introduced a complex system o f prevention and control with the aim o f both 

restricting the introduction and preventing it from spreading throughout the territory o f 

the Community. In the event o f an epidemic, contaminated animals were to be 

slaughtered, the carcasses destroyed, and premises and equipment disinfected.

Ireland never vaccinated, and was one o f the original “white listed” countries, with 

access to US and Japanese markets by virtue o f FMD freedom without vaccination. The 

disease has not become endemic here because o f  the successful employment o f strict 

slaughter and quarantine disease control procedures (Dept, o f Agriculture and Food, 

2004). EU policy since 1991 has been geared towards culling in the event o f an 

outbreak. Culling is the destruction o f livestock believed to be infected, or exposed to 

infection. Carcasses are subsequently disposed o f rather than processed for food 

(slaughter).

2



However, the attitude towards the use o f emergency vaccination (vaccination carried out 

in the event o f an outbreak) is changing.^ Emergency vaccination is the immunisation 

o f  susceptible animals commenced after an initial outbreak is confirmed.^ Normally 

vaccination is discontinued shortly after outbreaks cease. The recent EU Directive on 

FMD control (2003/85/EC) permits the use o f emergency vaccination as part o f a 

control strategy. Under the new Directive, the slaughter o f infected animals and 

“dangerous contacts” (susceptible animals on epidemiologically linked holdings) 

remains the principal tool for tackling an outbreak. However, emergency vaccination 

has now moved to the forefront o f control strategies, taking into account recent 

scientific developments'^ and experience gained in eradicating the disease during the 

2001 outbreak.

There was extensive criticism o f the culling policy during the last outbreak, particularly 

in the UK and the Netherlands. The potential use o f emergency vaccination in the event 

o f  an outbreak in Ireland, as an adjunct to the basic slaughter policy, is examined here in 

an economic context and the costs and benefits o f alternative control 

strategies/eradication schemes (emergency vaccination and stamping-out) outlined. 

Stamping-out (SO) is the control o f disease by the cull o f infected animals and those 

animals exposed to the disease. Times to detection o f the outbreak and to 

implementation o f the chosen control/eradication strategy are important factors. Given 

the current debate on the potential use o f  emergency vaccination, the most important

 ̂ EU, 1999; 2001; 2003; Royal Society, 2001; OIE/FAO, 2001; FVE, 2001 , Court o f  Auditors (Special 
Report N o. 8 /2004).
 ̂ The vaccine referred to is the marker vaccine w hich has the ability to distinguish vaccinal response 

versus natural infection.
Non-structural protein tests for exam ple which make it possible to differentiate betw een an infected  

animal and a vaccinate.
3



question to be answered is: can costs be minimised using vaccination under several 

simulated outbreaks? The epidemiological model, NAADSM traces the path o f disease 

spread under the alternative control strategies. Subsequently the cost accounting 

component o f the model estimates the direct costs associated with control. The 

economic model, GTAP, then evaluates the supply and demand effects (knock-on 

effects) for the economy; looking in particular at the impact on tourism and trade.

In the current climate o f moving towards greater agricultural trade liberalisation, leading 

to the increasing movement o f animals, future outbreaks are not just likely but 

inevitable; therefore it is vital that the hazards and control o f another epidemic be 

confronted. Economic damage was minimised during the 2001 outbreak due to the 

speed and effectiveness o f the control strategy put in place; the economic costs o f a 

potential future outbreak (with less favourable circumstances) could well prove more 

damaging. This makes it particularly important that an animal health strategy is adopted 

that minimises the likelihood and extent o f future outbreaks.^ Article 5 o f Council 

Directive 90/423/EEC and Article 72 o f Council Directive 85/511/EEC require Member 

States to draw up contingency plans to deal with future FMD outbreaks; these were 

found to be insufficient during the 2001 outbreak and improved structures are being put 

in place in the event o f future disease occurrence. Contingency plans must specify the 

national measures required to maintain a high level o f FMD awareness and 

preparedness, environmental protection and the measures to be implemented in the 

event o f an outbreak. In accordance with the requirement o f the Directive, the 

contingency plan will be reviewed at least every five years (Dept, o f Agriculture and

 ̂The UK 2001 situation serves as an exam ple o f  what could happen here i f  a more virulent outbreak were 
to occur in the future (M atthews and O ’T oole, 2001).
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Food, 2004). As part o f these FMD operations manuals a cost-benefit analysis o f 

eradication strategies must be undertaken for each M ember State. The new EU 

Directive, 2003/85/EC, aims to rectify issues o f concern with previous legislation.

The importance o f the Irish export trade for livestock and thus the retention o f “disease 

free” status without vaccination have always been used as an argument against the use 

o f emergency vaccination here. It is therefore important to examine on economic 

grounds whether the current culling policy continues to be the most suitable control 

option to employ. In evaluating the cost effectiveness o f alternative control strategies 

for a number o f simulated outbreaks here, the potential role o f emergency vaccination in 

Ireland is examined for the first time; fitting in to a growing literature on the threat o f 

transboundary animal diseases and animal health economics. Results obtained should 

serve useful for policy makers in the event o f a future outbreak.

This following section gives an overview o f the agricultural landscape in Ireland, and its 

unique structure. The changing face o f Irish agriculture and the continued importance 

o f agricultural trade are then outlined.
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1.2 A griculture in Ireland

“The Agri-Food sector is a hugely important constituent o f the national economy. 

Farming provides direct and indirect employment, it still form s the mainstay o f  rural 

development, it protects and enhances the environment, and it is central to the country's 

EU and International policy. ”

(M inister for Agriculture and Food, Mary Coughlan, June 2006)

Agriculture is an indigenous sector that has strong linkages within the Irish economy 

and a geographic spread throughout the country. O f the total land area, 65% is used for 

agriculture with a further 10% used for forestry. 79% (3.4 million hectares) o f this 

agricultural area is devoted to grass (silage, hay and pasture), 11% (0.5 million hectares) 

to rough grazing and 10% (0.4 million hectares) to crop production. The country is 

home to almost 6.5m cattle, 4.8m sheep, 1.8m pigs and over 13m poultry 

(www.agriculture.gov.ie - 12/09/06). Beef and milk production currently account for 

55.4% of total agricultural output at producer prices (Department o f Agriculture and 

Food (c), 2006:1).

The importance o f primary agriculture to the economy has certainly reduced in recent 

years, in line with the trend in all industrialised countries. Nonetheless, it remains 

important, accounting for 3% of GDP (twice the EU average). 6.4% o f those employed 

in the country are employed in Agriculture, forestry and fishing compared to the EU-15^ 

average o f  4% and EU-25^ average in 2003 o f 5.2% (CSO, 2005). Furthermore, the

® Austria, Belgium , Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Portugal, 
Spain, Sw eden, The Netherlands, and the U.K.
’ As EU-15 plus Cyprus, C zech R epublic, Estonia, Hungary, Latvia, Lithuania, Malta, Poland, Slovakia  
and Slovenia.
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Agri-Food industry is one o f the country’s largest home-grown industries accounting for 

8.6% o f GDP and consisting o f 135,000 family farms and around 800 industrial units 

spread across the country. Employment in the sector accounts for 8.5% o f total 

employment (163,100 jobs). The regional distribution o f the Agri-Food processing 

sector is crucial for maintaining employment and growth in rural areas. The country is 

traded the world over as “The Food Island” and competes successfully in over 130 

markets worldwide. Agri-Food exports in 2005 were valued at €7.5 billion or 8.5% of 

total exports with nearly 74% o f these exports going to high-value EU-15 markets 

(Department o f Agriculture 2006, 2006:1). Due to its very strong export orientation and 

low import content, it is responsible for a much higher proportion o f the country’s net 

foreign earnings. Although its relative importance in the economy has diminished 

somewhat, due to the very rapid expansion o f some other sectors in recent years, it 

remains vital to national prosperity (Department o f Agriculture and Food, 2004:3).

The most recently published overview o f the agricultural situation in Ireland was in 

1999; “Irish Agriculture in Transition - A Census Atlas o f Agriculture in the Republic 

o f Ireland” (Lafferty, S., Commins P., and Walsh, J.A.). The principal database on 

which the work was based was the 1991 Census o f Agriculture, undertaken by the CSO, 

the information for which was available for small area units, namely, District Electoral 

Divisions (DEDs).^

* There are som e 3 ,400 DEDs in the State, o f  which all but 330 have som e agricultural activity. Rural 
Districts (Reds) are aggregates o f  D eeds, there are 156 o f  these with Dublin treated as one (Lafferty et al., 
1999:4).
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There exist distinctive farming regions within the country, whose boundaries span 

unevenly across county limits. These are undergoing different processes o f change 

depending on their resource base, their responses to economic imperatives, and the 

policy environment. Commercial farming has become increasingly associated with 

areas south and east o f a line from Limerick to Dundalk (Lafferty et al., 1999iii).

Land type (and thus usage) varies considerably across the state; generally, the west and 

north have the more difficult land (i.e., stony and infertile soils, steep slopes, and rock 

outcrops). Mountain and coastal areas in the west are subject to high rainfall, lower 

temperatures and a shorter growing season. Another significant aspect o f the resource 

base is that the inferior tracts are mainly those on v/hich small farms predominate. The 

largest concentration o f small farms occurs in the Border and Western regions with the 

largest farms in Dublin, Mid-East and South-East. The origin o f the ‘small farm 

problem ’ in Ireland can be explained historically by phases o f confiscation and 

displacement and the continuous sub-division o f farms (Lafferty et al., 1999:13). In 

addition, there is the added problem o f farm fragmentation. Just over half o f all farms 

in the State consist o f two or more land parcels while almost 10 per cent comprise four 

or more parcels (Lafferty et al., 1999:25). This is one o f a number o f Irish-specific 

issues, which complicates our analysis. Their relevance and how they are dealt with in 

the model will be outlined in a section 5.4. High levels o f fragmentation occur in east 

Galway and east Mayo (17% o f farms in Galway consist o f four or more parcels) and 

also in the more arable farming areas in the South-East (in Wexford almost 14% o f 

farms consist o f four or more parcels) (Lafferty et al., 1999:26).
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Commonage is another feature which is fairly unique to Ireland; it refers to land on 

which two or more farmers have grazing rights. It is used by just over 11,600 farms 

within the country, with an average area o f almost 37 hectares per farm. It tends to be 

associated with less w ell-off farming areas and especially with mountain areas where it 

is used for grazing sheep. It is concentrated in the West, Border (West) and South-West 

regions, where 12.2%, 11.1% and 8.8% respectively o f all farms have access to it and it 

accounts for 18.9%, 13.9% and 9.9% respectively o f  the total area farmed (Lafferty et 

al., 1999:36).

The pattern o f livestock enterprises differs across the country. In 2004, cattle 

represented 26% of total agricultural output (CSO, 2005). Traditionally, beef 

production has been o f major importance to the Irish agricultural sector. The highest 

concentrations o f specialist beef farms are found in Mayo, Sligo, Leitrim, north 

Roscommon and into the midlands through Longford, Westmeath and Offaly. High 

concentrations are also found in Galway and Clare. When thought o f in terms of 

relative economic importance, it is less significant in the midlands and Clare and most 

important in north Connaught (Lafferty et al., 1999:89). Suckler cows tend to be 

associated with those areas where the structural impediments to farming are greatest and 

predominate in the Border (west). West and M id-W est regions (Lafferty et al., 1999:87). 

There are two main dairying regions in the State -  the South-West and the North-East 

(comprising 70%) o f the dairy herd). The South-West dairying region includes north and 

east Kerry, almost all o f Cork and Limerick and substantial parts o f Tipperary, 

Waterford and Kilkenny, as well as South-West Clare (Lafferty et al., 1999:83).
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The sheep sector is o f lesser importance than cattle to Irish agriculture, accounting for 

4% of agricultural output in 2004 (CSO 2005). The spatial distribution o f sheep has 

always borne a strong relationship to topography with sheep faming being particularly 

important in mountainous regions i.e., Western and Leinster mountain ranges. O f all 

lowland regions east Galway and south Roscommon are also particularly suited to sheep 

(Lafferty et al., 1999:100). Mixed grazing livestock occur extensively in these regions; 

association between sheep and cattle has long been recognized as typifying farming in 

east Galway. In 1991 there were approximately 30,600 farms in the mixed grazing 

livestock category, about 18% o f all farms. The most common type o f livestock on 

these farms are suckler cows and ‘other cattle’ with large numbers o f sheep and some 

dairy cows. Farms o f this type are also to be found in parts o f the South-East and Mid- 

East (Lafferty et al., 1999:104). Mixed production types pose another issue for the 

model and again will be dealt with in section 5.4.

Pig production within the country has become a highly specialised activity dominated 

by a small number o f very large producers (average herd size in 1997 was 846). It is 

now confined to about 2,000 farms, o f which one-fifth account for 91% o f the total 

number o f animals. The largest numbers o f pigs are found in the South-East, South- 

West, and the Border (east) (counties Cork and Cavan in particular) (Lafferty et al., 

1999:104). Another issue for the model arises here, i.e., as pigs are mostly housed and 

there is no way o f differentiating between indoor and outdoor spread.^

 ̂ H ow ever , spread param eters can be m od ified  accord in g ly , this w ill be ou tlined  in m ore detail later.
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Livestock and livestock products accounted for over 73% o f the value o f gross 

agricultural output in Ireland in 2004, a figure which has fluctuated little over time 

(CSO, 2005). Commodities as a percentage o f Goods output in 2004 are given in fig.

1.1 below. The traditional orientation o f  Irish farming towards livestock enterprises can 

be explained by a number o f factors, including climate, soil, topography, history, and by 

economic conditions, which have ensured a market for livestock and livestock products 

in the UK and mainland Europe (Lafferty et al, 1999:82).

Fig.l .1: Commodities as a percentage of Goods output at Producer prices
2004
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1.2.1 The Changing Face o f  Irish Agriculture
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In common with trends in all EU member states, farm numbers (particularly small 

farms) in Ireland have declined continuously over recent years. Employment in
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Agriculture, Forestry and Fishing as a percentage o f total employment has fallen 

steadily over the past two decades, from 16% in 1985 to 5.9% in 2005. The average 

annual decline during the past 10 years was 1.7%. This compares with an annual 

decline o f  almost 3% in other EU states (www.teagasc.ie - 08/08/06).

According to the Teagasc National Farm Survey (NFS) 2005, on 38% o f farms the 

farmer combines farming with an off-farm jo b .’° These farmers are predominantly 

involved in cattle or sheep farming. The NFS also estimates that on 55% o f farms the 

farmer and/or the spouse have an off-farm job  (Connolly et al., 2006:2). This marks an 

increase o f 24 percentage points from a decade earlier." The key statistics in Table 1.1 

clearly outline the shrinking economic contribution o f primary agriculture to GDP and 

employment:

The N FS defines a full-tim e farm as one, w hich requires at least 0.75 standard labor units to operate, as 
calculated on a standard man-day basis. A  part-time farm is defined as one, w hich requires less than 0.75  
standard labor units to operate. Farms are divided into full-tim e and part-time on the basis o f  the 
estimated labor required to operate their business as distinct from labor available w hich is often in excess  
o f  that required. Off-farm em ploym ent does not enter into this definition,
" The percentage o f  farm households with an off-farm job  has gone from 31% in 1993 to 55% in 2005.
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Table 1.1 The Contribution of Agriculture, Forestry and Fishing to GDP and Em ployment

___________________________________________________1988 1992 1996 2000 2002 2004

A gricu ltu re*  as a %  o f  G D P '^

A gricu ltu re*  as %  o f  to tal em ploym ent 

A gri-food  sec to r as %  o f  G D P 

A gri-food  sec to r as %  o f  to tal em ploym ent

10.3 8.3 6.4 3.5 2.7 2.5

15.4 13.5 10.6 8.0 7.0 6.4

15 15 14.7 10.2 8.4 8.8

18.6 16.7 13.7 7.5 6.5 9.0

♦ Includ ing  F orestry  and Fishing.

Sources: Departm ent o f Agriculture and Food/Central Statistics Office, Com pendium  o f Irish

Agricultural Statistics, 2003-2005, Departm ent o f  Agriculture and Food, Annual Review and 

O utlook, 1993, 1994, 1999/2000, 2000/2001 2002/2003, 2004/2005, 2005/2006.

Dependency on agriculture is not as marked as once before. However the Agri-Food 

sector remains our single most important industry, employing one-in-eight people in the 

workforce and generating about one-third o f  net foreign earnings (www.ireland.com ). 

Furthermore, tourism and other rural based enterprises have increased in economic 

significance and are central to the rural economy. It is important to recognise that these 

would also be affected by a future disease outbreak. The agricultural industry remains 

highly dependent on exports and the economic consequences o f  a future outbreak 

should not be underestimated. An overview o f  Irish agricultural trade is given in the 

next section.

In 2000 , the C S C  revised  its m ethodology  for ca lcu la ting  and presen ting  data  re la ting  to  output, input 
and incom e in agricu ltu re . T he new  system  for p resen ting  the E conom ic A ccoun ts fo r A gricu ltu re  is the 
EA A 97 basis, w hich differs in a num ber o f  w ays from  the earlie r system . T he m ain  d ifference  is a m ove 
aw ay from  the 'national farm ' concept. (T his m eant tha t the w hole agricu ltu re  o f  a  coun try  w as regarded 
as one b ig  farm ). W ith the new  m ethodo logy  the co ncep t o f  the “national farm ” has been  rep laced  by the 
use o f  the  individual farm  as a unit. W ith th is change certain  tran sactions betw een  farm s and betw een 
d ifferen t en terp rises w ith in  the sam e farm  are now  valued  as both ou tpu t and in term ed ia te  consum ption  
(inputs). U nder the revised m ethodo logy  ou tpu t is va lued  at the basic price. T he basic  p rice corresponds 
to the p roducer price p lus any subsid ies d irec tly  linked to  a p roduct less any  taxes on p roducts. U nder the 
o ld m ethodo logy  ou tpu t w as valued at p roducer prices. The p roducer p rice is the p rice  received  by the 
farm er, and is som etim es referred  to as the farm -gate  or ex-farm  p rice (exclud ing  V A T ). From  1996 on 
therefo re  the value g iven is gross value added  (O V A ) as a percen tage o f  G D P at fac to r cost. 'GDP at 
factor cost' was renamed 'Gross Value added at Factor Cost' from 2002.
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1.3 Agricultural Trade

Fundamental reforms to the Common Agricultural Policy (CAP) were agreed in June 

2003. In future the vast majority o f subsidies will be paid independently o f the volume 

o f production (‘decoupled’). This move to decouple direct payments fits with the WTO 

Doha development agenda’s (DDA) objectives. This desire to further liberalise 

agricultural trade and the placing o f greater emphasis on non-trade concerns such as the 

protection o f the environment, food safety and quality will have profound effects for all 

EU M ember States.

Given the dramatic changes that are set to occur in Irish farming over the next decade, 

moving closer towards a freer market environment at a European level will lead to an 

increase in trade worldwide. This will have important consequences not least for the 

control o f animal disease. Ireland has lost its isolated position on the world scale and 

can no longer automatically claim its island status and freedom from disease. Any 

remaining trading restrictions are to be lifted and there will be increased imports of 

livestock products from countries like Brazil and Argentina where FMD has always 

posed a problem.

Risk o f disease spread is very high, due to the increase in international trade, tourism, 

and the movement o f animals, animal products and foodstuffs. With increasing 

globalisation, the persistence o f transboundary animal diseases such as FMD anywhere 

in the world poses a serious risk to agriculture, food safety and international trade
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worldwide. The question o f balancing the risk o f epidemic and the benefit o f animal 

movement arises.

Total Irish Exports o f Agricultural and Agri-food produce in 2004 were €7,140m,'^ o f 

which €5,54 Im were destined for the EU-15 market and € 1,597m was destined for Non- 

EU countries (CSO, 2005). Given the significance o f Irish agricultural trade, any loss 

o f markets arising from a potential future outbreak o f  FMD would be o f huge 

importance. Figure 1.2 (a) and (b) below show average values o f  exports to EU and 

selected Non-EU countries respectively for the period 2000-2004. B eef and dairy 

products and ingredients account for over 65% of the total Agri-Food trade in 2004 

(Department o f Agriculture and Food, 2005:9). Ireland exports nine out o f every 10 

beef animals, making it the largest beef exporter in the EU and one o f the largest in the 

world. Dairy exports account for 75% of total production while 60% of all sheep meat 

is exported. The EU-25 continues to be the main destination o f Irish agri-food exports 

accounting for approximately €5.8 billion and accounted for 76% of total agri-food 

exports. The main driver o f EU-25 export growth was the UK which accounted for €3.6 

billion and 47% of total agri-food exports in 2005 (Department o f Agriculture and Food, 

2005:44).

P rovisional figure
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Fig 1.2: Average Value of Exports o f Agricultural and Agri-food produce to EU-15 (a) and non EU- 

15 (b) 2 0 0 0 -2 0 0 4 .
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(b)
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Dairy products (milk powder, cheese and butter) rank second on the list o f  main exports. 

The 2001 ban on exports from the country as a whole to markets outside and to the EU 

primarily affected the pig and dairy sectors as demand for Irish beef had already been 

affected because o f  BSE. Bans reduced export volumes and led to a reduction in farm 

income and related economic activity. With the outbreak in the UK and the subsequent
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decrease in output however, Irish exporters filHng the gap left by UK farmers actually 

increased exports.

Self-sufficiency in selected agricultural produce in 2005 is given in figure 1.3 below. 

Given the over-supply o f  almost all products, access to markets is o f huge importance to 

the country.

Fig 1.3: Irish self-sufflciency in selected agricultural produce 2005
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Overall then, given the importance o f  agricultural trade for a small open economy like 

Ireland, the subsequent implications for trade o f  choosing a particular FMD control 

strategy in future must be borne in mind.
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1.4 Structure of the Thesis

There are three main parts to the thesis, the first focussing on the epidemiology o f the 

disease and the epidemiological model NAADSM, the second analysing the subsequent 

economic effects for the agricultural sector and the third examining the knock-on effects 

for the entire economy and in particular the tourism industry.

Chapter 2 describes the epidemiology o f FMD with a general introduction to the area of 

veterinary and animal health economics and an insight into the general nature o f  the 

disease. Animal Health Policy with a particular emphasis on alternative methods of 

FMD control and eradication in the context o f EU legislation is then discussed. The 

history o f the disease and in particular experiences from Ireland and Europe are 

explained and a synopsis o f the 2001 outbreak is given; the timeframe involved, the 

control strategies in place and its subsequent economic consequences. Finally, the issue 

o f agricultural trade and the impact o f FMD on it is assessed.

Chapter 3 comprises a review o f the literature. There is a growing literature on the 

threat o f transboundary animal diseases and there has been much written within a cost- 

benefit framework on the control o f  the disease. Most o f the earlier evaluations 

focussed on the use o f routine (annual) as opposed to emergency vaccination (e.g.. 

Power and Harris, 1973, Krystynak and Charlebois, 1987, Erb, 1988, Berentsen, 

Dijkhuizen and Oskam, 1992). More recent papers deal with the strategic use of 

emergency vaccination in the event o f  an outbreak (Mahul and Durand, 2001 (France); 

James and Rushton, 2002; Risk Solutions, 2005 (U.K.); Tomassen et al, 2002 (The
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Netherlands); Schoenbaum and Disney, 2003 (U.S.A)). The integration of CGE 

modelling into the analysis has also added a new dimension; two recently published 

Scottish studies have added greatly in this regard (McDonald, Roberts and Kay, 2003; 

The Fraser of Allander Institute, 2003).

Chapter 4 deals with methodology and outlines how by combining an epidemiological 

and economic model, a cost-effectiveness study of alternative control strategies is 

undertaken. The area of veterinary economics is explored, as is the economics of FMD 

control and the role o f cost-effectiveness analysis in choosing a particular control 

strategy. The role of modelling is then examined, taking a look at stochastic models, 

Markov Chain Methodology and the Reed-Frost algorithm. Finally the epidemiological 

model, NAADSM and its parameterisation is described.

Chapter 5 outlines the regions to be examined and the simulation scenarios undertaken. 

The epidemiological and economic results from NAADSM are then summarised. The 

direct costs of control associated with the alternative control strategies are analysed 

here.

In Chapter 6 the economic implications for trade and tourism and the indirect costs 

associated with alternative control strategies are further examined using the CGE model, 

GTAP. Having simulated several illustrative outbreaks with regions of differing herd 

size and density, output is then used to generate subsequent trade and price effects at 

both a regional and national level. The overall economic impact of a disease outbreak, 

trade and movement restrictions and the cost effectiveness o f alternative control
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strategies is encompassed in this exercise. The economy-wide effects o f a decrease in 

the national herd and the implications of trade bans are assessed as is the national 

impact of a loss in tourist revenue.

Chapter 7 comprises a summary of results and subsequent policy implications.

1.5 Conclusion

Following the criticism of the handling of the 2001 FMD outbreak throughout the 

Europe it was decided that Member States ought to improve both the preventive and 

emergency response structures in place in the event of future occurrence of the disease. 

Emergency vaccination was put forward in particular when the culling policy came in 

for severe criticism. The recent EU FMD Directive 2003/85/EC, aims to rectify some 

of the issues not dealt with in the previous legislation and puts the strategic use of 

vaccination forward as an adjunct to the basic culling policy for the first time. The 

implications of its use are examined here and both the direct and indirect costs assessed 

for the agricultural sector and the wider economy. European agriculture is entering a 

new phase with a move away from production linked support with the Single Farm 

Payment. In the Irish case, the rural economy is not as reliant as before on primary 

agriculture and the implications of a future FMD outbreak would affect not only farmers 

-  there are many issues to be explored then as regards compensation for other rural 

businesses affected by movement restrictions etc. The taxpayer is unlikely to be as 

willing to foot the bill in the case of a future outbreak. From the policymaker’s point of
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view the prevention o f the disease should be the number one priority; where this cannot 

be avoided however a cost-effective campaign o f control should be put in place as 

quickly as possible which minimises the economic damage for the country at large.
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C H A P T E R !

FOOT-AND-MOUTH DISEASE

2.1 Introduction

FMD control can be seen as an international public good:

“A public good is a commodity whose consumption by one person does not preclude 

others from  also consuming it, providing a positive externality i f  no one can be excluded 

from  its consumption. ”

(Bernanke, 2004:35)

Either markets for public goods do not exist or such markets undersupply the good. 

There is therefore a role for government in their provision. The question to be answered 

is whether the benefit o f its provision by government outweighs the cost. FMD control 

can be regarded as being a public good; it is demonstrably beneficial to the general 

public. Apart from the impact on animal health, the disease has been described as “the 

most important constraint to international trade in animals and animal products; 

restricting trade in a south-to-north direction” (Rweyemamu and Leforban, 2002). 

FMD free countries (generally countries in the north) are unwilling to import from those
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with disease (generally countries in the south). Its presence has severe implications in 

terms o f trade and access to markets. World distribution o f FMD mirrors the global 

economic structure with high income industrialised countries being generally free o f the 

disease while it persists endemically in many low income countries (Rweyemamu and 

Leforban, 2002). The importance o f disease-free status cannot be underestimated and 

its eradication at an international level is in the interests o f all.

Before moving on to examine further the economics o f Foot-and-Mouth Disease 

(FMD), its epidemiology must first be described. This chapter serves as a general 

introduction to the area o f veterinary and animal health economics and provides an 

insight into the general nature o f the disease. Animal Health Policy with a particular 

emphasis on alternative methods o f control and eradication for FMD is then outlined in 

some detail. The epidemiology and policy context o f FMD control is examined, 

looking at changes in the legislation and specifically the recent EU Directive 

(2003/85/EC) and the emerging role o f emergency vaccination in the event o f future 

outbreaks.

2.2 Epidemiological characteristics of FMD

FMD is, according to the classification o f the Office International des Epizootics (OIE; 

World Organisation for Animal Health), the economically most important infectious 

livestock disease, with very significant consequences for livestock producers, related
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industries and consumers. It comes top o f the Ust o f all List A diseases which are 

defined as:

“Transmissible diseases that have the potential fo r  very serious and rapid spread, 

irrespective o f  national borders, that are o f  serious socio-economic or public health 

consequence and that are o f  major importance in the international trade o f  animals and  

animal products. ”

It is one o f the most contagious o f viral animal diseases and is caused by strains o f one 

or more o f the seven distinct serotypes o f FMD virus, genus Aphthovirus, family 

Picornaviridae. The seven serotypes -  O, A, Asia 1, C, SA T l, SAT2, and SAT3 -  have 

different geographical distributions and vaccines protective against strains in one 

serotype will normally not protect against strains from different serotypes and may not 

protect against different strains within the same serotype. There are also several 

subtypes within each. The infections caused by different serotypes are clinically 

indistinguishable. The disease predominantly affects cloven-hoofed animals, affecting 

almost all farmed species, hence its economic significance. If not controlled, it 

generally causes very high morbidity within herds without causing high mortality in 

adult animals; however, it can cause significant mortalities in young lambs and piglets. 

It is characterised by fever and the formation o f painful vesicles (fluid-filled blisters) 

and erosions in the mouth, nose, teats and feet. As a result, it causes serious production 

losses and welfare problems (Dept, o f Agriculture and Food, 2003:3).

The most important characteristics in the epidemiology o f the disease include the rapid

spread o f the virus, its stability under a variety o f conditions and the occurrence o f
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serotypes (Donaldson, 1991:34). Cattle are important in the epidemiology o f FMD 

because o f their high susceptibility to airborne virus, because they may excrete the virus 

for at least four days before the first symptoms appear, and because o f their overall 

economic importance. Even though sheep and goats can also be infected, their 

symptoms are often less severe or are subclinical. Pigs are the most important source o f 

air dissemination o f the virus; once infected, they excrete vast quantities o f the virus. 

They also have a high susceptibility to infection by the oral route (Donaldson and Doel, 

1994:51). Thus pigs can be described as amplifying hosts and cattle as indicators. 

Sheep can be described as maintenance hosts because they quite often have mild or even 

inapparent signs that can easily be missed (Donaldson and Doel, 1994:35).

Most animals recover quickly but an important epidemiological feature is that up to 

50% o f some ruminant species may remain infected for months or even years. These 

carrier animals can initiate new outbreaks so it is accepted practice when an outbreak 

occurs in a country normally free o f the disease that all cloven-hoofed animals in an 

affected herd are slaughtered to ensure that no carriers remain (Donaldson, 1999:118). 

Such a carrier state may exist for over three years in cattle. Expert scientific advice is 

that spread o f FMD through the carrier state is a rare event but it is difficult to 

determine the precise level o f risk. The issue o f the carrier state affects international 

attitudes towards trading with countries that use vaccination; however recent scientific 

developments (non-structural protein tests) may prove useful in future.

FMD is a difficult disease to control and eradicate because o f the various mechanisms 

by which the virus can be transmitted (Sellers, 1971). Several factors affect the spread
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o f the disease. The most important are the species infected, the number o f direct and 

indirect contacts among animals (mainly movement o f animals and humans), animal 

density in the area, husbandry methods, environmental conditions, and delays in 

identifying the disease and applying control measures. The most common mechanism 

is the movement o f infected animals to susceptible animals (Donaldson et al., 2002:4). 

The rate o f spread within a herd depends on the stocking density. The primary methods 

o f FMD transmission are aerosol, direct contact and ingestion. O f all mechanisms o f 

transmission, movements o f infected animals are by far the most important, followed by 

movement o f contaminated animal products. Once one or more animals in a herd have 

been infected, the quantity o f virus in the environment will be greatly amplified, and 

transmission by different routes will be possible. The virus can be spread over long 

distances by incubating or asymptomatic carrier animals; by vehicles such as feed 

trucks; by birds, domestic animals, rodents and by fomites (inanimate communicators of 

infection). Humans may inhale and harbour the virus in the respiratory tract for as long 

as 24 hours, and may serve as a source o f infection to animals (APHIS, 1991). Under 

certain epidemiological and climatic conditions, FMD virus can be spread by the wind. 

O f all mechanisms, spread by air is least controllable.

An important feature o f  the disease is that virus excretion occurs before infected

animals manifest clinical signs. The length o f the incubation period is variable and

depends mainly on the virus strain dose o f exposure and the route o f entry. With natural

routes and high exposure doses the period can be as short as two to three days but could

take up to 10 to 14 days with very low doses (Donaldson, 1994:37). A high stocking

density will facilitate spread, as the crowding together o f infected and susceptible
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animals will maintain a high level o f  challenge from both infected animals and the 

environment. The infectious period depends on the type and size o f a herd, on 

husbandry practices, and on whether the disease is allowed to run its course, or controls 

are applied.

The highly contagious nature o f FMD is a reflection o f a number o f factors, in particular 

the high concentrations o f virus excreted by infected animals, the low doses which can 

initiate infection, the multiplicity o f routes by which the virus can infect a susceptible 

animal and its wide host range, with all cloven-hoofed domesticated and wild animals 

being susceptible to the virus. The most common means o f spread is by the movement 

o f infected animals and the subsequent transmission of the virus to susceptible animals.

2.3 Disease Control and Eradication

Control is the reduction o f the morbidity and mortality from disease. It can be achieved 

by treating diseased animals, which therefore reduces disease prevalence, and by 

preventing disease, which therefore reduces both incidence and prevalence (Thrusfield, 

1986:215).

Eradication: The term ‘eradication’ was first applied in the 19"’ century to the regional 

elimination o f infectious diseases o f animals, notably Texas fever from cattle in the 

USA, and pleuropneumonia, glanders and rabies from European animals. Since then 

the term has been used in four different senses.
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First, it has been used to mean the extinction o f an infectious agent (Cockbum, 1963); 

eradication has not been completed if  a single infectious agent exists anywhere in 

nature. According to this definition, very few diseases have been eradicated; human 

smallpox is an example. Secondly, it has been defined as a reduction o f infectious 

disease prevalence in a specified area to a level at which transmission does not occur 

(Andrews and Langmuir, 1963). For instance, in local areas in northern Nigeria 

trypanosomiasis can be ‘eradicated’ by clearing the vector (the tsetse fly) from riverine 

areas. Thirdly, eradication has been defined as the reduction o f infectious disease 

prevalence to a level at which the disease ceases to be a major health problem, although 

some transmission may still take place (Maslakov, 1968). The term ‘elimination’ has 

been used to describe the reduction in the prevalence o f either clinical disease or 

infection below that achieved by control, but without complete eradication o f the 

pathogen (Payne, 1963). Fourthly, and most commonly in veterinary medicine, 

eradication refers to the regional extinction o f an infectious agent. For example, since 

the eradication o f foot-and-mouth disease in the UK, no foot-and-mouth disease virus 

particles are believed to be present (Thrusfield, 1986:215).

2.3.1 Strategies of control and eradication

Slaughter: With an infectious disease like FMD affected animals can be a source o f 

infection to others. In such circumstances it may be economically and technically 

expedient to slaughter the affected animals. In eradication campaigns, infected or in

contact animals may be slaughtered to remove sources o f infection (Thrusfield,
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1986:216). It is important to make the distinction between slaughter and culling; both 

involve the destruction o f animals: slaughtered animals are subsequently processed for 

food whereas culled animals are disposed of. It is debateable as to whether or not 

vaccinates would be accepted in the food chain for the Irish case and therefore it is 

culling that will be examined in depth here.

Vaccination: Vaccines can confer immunity to many bacteria and viruses. They are 

used routinely to prevent disease, and may be used during epidemics to decrease the 

number o f susceptible animals, thus assisting in terminating an epidemic (Thrusfield, 

1986:216).

Both policies are supported by import controls, regular surveillance o f the livestock 

populations at risk, the provision o f diagnostic laboratory facilities and, in the event of 

disease, controls on the movement o f livestock.

2.3.2 Important factors in control and eradication programmes

Before either a control or eradication campaign can be undertaken, several factors must 

be considered. These include (Thrusfield, 1986:217):

1. The level o f knowledge about the cause o f the disease and, if  infectious, also 

about its transmission and maintenance, including host range and the nature of 

the host/parasite relationship;

2. Veterinary infrastructure;
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3. Diagnostic feasibility;

4. Availability o f replacement stock;

5. Producers’ and society’s views;

6. The disease’s public health significance;

7. The existence o f suitable legislation with provision for compensation;

8. The possible ecological consequences;

9. Economic costs and the availability o f funds for the programme.

A complete knowledge o f the natural history o f a disease, although not always 

necessary to control or eradicate it, is necessary to develop the most effective means of 

control. When the various disease determinants have been defined, often by 

epidemiological studies, a suitable control strategy can be selected. Knowledge o f its 

method o f transmission, including the life cycle and habitat o f any vectors, assists in 

control, as does knowledge o f the host range o f an infectious agent and the host/parasite 

relationship.

The most important factors affecting the magnitude o f an outbreak are (Ekboir, 1999):

1. Time elapsed from the beginning o f the outbreak until the disease is diagnosed;

2. Time elapsed until the start o f the eradication campaign, and;

3. Quantity o f human, financial and physical resources available when disease 

diagnosed.

Significant factors influencing the eradication o f an outbreak are the prompt

identification and elimination o f affected herds (these are very much dependent on the
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effectiveness o f surveillance programmes in place and the timely availability o f enough 

physical, human and financial resources to enforce quarantines and depopulation). 

Evaluation o f the risk period and the area at risk are crucial also because they determine 

the manpower and other resources needed for surveillance and eradication.

Eradication o f the disease is extremely difficult because;

1. The disease is extremely contagious.

2. The virus can survive for long periods in the environment and on fomites.

3. Infected animals excrete the virus for one or two days before clinical signs 

become apparent.

4. Some species, sheep and goats, in particular, are often only mildly affected and 

disease may go unnoticed yet such animals are highly infectious and can be 

potent transmitters o f the virus.

5. All excretions and secretions from affected animals are highly infectious and 

will heavily contaminate the environment, personnel in contact with the 

animals; vehicles used to transport them and fomites they contact.

6. The products from affected animals are likely to contain high amounts o f virus 

and are a potential risk for animals that may contact or ingest them.

When countries normally free from FMD suffer an outbreak or outbreaks o f the disease 

and control measures are implemented the inherent objective is “to get in front” o f the 

spread o f  the virus and eliminate it from the territory as quickly as possible. If an
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outbreak is not immediately eradicated, and a series o f outbreaks, i.e., an epidemic 

results, then the epidemic is “out o f control” when each outbreak is generating an 

average o f more than one subsequent outbreak. More formally, the case reproduction 

ratio, R, is greater than one. The immediate aim o f a control programme is to reduce R 

to less than one. In FMD the well-proven method for controlling the disease and 

eradicating the virus is to use quarantine and to “stamp out” infected herds. The latter 

includes the slaughter o f infected and in-contact cloven-hoofed animals, safe disposal o f 

the carcasses and thorough disinfection o f the holding (Department o f Agriculture and 

Food, 2003:6).

The principal strategies employed in Ireland to control FMD and eradicate FMD virus 

are prioritised as follows (Department o f Agriculture and Food, 2003:6):

1. To stop all movements o f livestock, animal products, vehicles and people that 

could potentially spread the disease.

2. To identify and slaughter the animals in infected premises (IPs) as quickly as 

possible as this will have an immediate effect on reducing the amount o f virus 

being liberated into the environment in exhaled breath and other excretions and 

secretions and will eliminate any possible carrier animals.

3. To identify dangerous contact premises (DCPs) as quickly as possible by 

epidemiological investigations on IPs and tracing.
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4. To prevent the movement o f animals and products from IPs by establishing 

movement standstill areas called the Protection Zone (at 3 km radius) and the 

Surveillance Zone (at 10 km radius) in the surrounding area.

5. To dispose o f the carcasses from IPs in such a manner that virus will not be 

spread further afield.

6. To clean, disinfect and decontaminate IPs to eliminate the virus from the 

environment.

7. To identify other IPs and “get in front o f the disease” as quickly as possible by 

intensive surveillance in the Protection and Surveillance Zones.

Additional supplementary methods, which may be implemented, are (Department o f

Agriculture and Food, 2003:6):

1. To cull all cloven-hoofed animals in zone around a cluster o f IPs where predictive 

modelling indicates that there is a high probability that other holdings in the area 

have been exposed to the virus. This action will create a “fire break” and is 

especially likely to be used when resources o f personnel are insufficient to 

undertake more detailed epidemiological investigations on the IPs.

2. Emergency (reactive) vaccination in order to reduce the susceptible animal 

population in defined areas or in herds o f special interest or value. Different 

strategies with varying objectives may be considered.
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As already outlined, emergency vaccination has been put forward as a new tool in 

eradicating the disease (either as an alternative to or in conjunction with culling) in the 

event o f future outbreak. This will be discussed in greater detail in the next section. It 

can play a major role in controlling FMD by:

Preventing or reducing the incidence o f clinical disease when the animal is 

exposed to the virus;

Preventing or reducing the amount o f virus produced by an infected animal, thus 

reducing the likelihood o f spread to other animals; and thus reducing the number 

o f animals killed during an outbreak.

Major drawbacks o f the use o f vaccination are (Donaldson and Doel, 1994:52):

1. The persistence o f quarantines and trade restrictions for a longer period,

2. The need to ensure that vaccinated animals do not leave the quarantine area,

3. The increased risk o f extending the outbreak due to the increased contacts 

between animals and humans conducting the vaccination,

4. Animal welfare complications resulting from continued production while 

movements are restricted,

5. Longer disruption o f processing industries inside and outside the quarantine areas,

6. Possible meat surplus in the quarantine area.
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2.4 Legislative background

The advent o f Denmark, Ireland and the UK to the European Community in 1973 

foresaw considerable adjustments to Directive 64/432/EEC (Intra-Community Trade 

Directive) as these new Member States practised a non-vaccination policy for FMD. 

This included full stamping out (SO) in the case o f an outbreak, enabling them to retain 

their national rules for protection against the disease. Other M ember States continued 

their policy o f routine (annual) vaccination. In 1985 the Council adopted Directive 

(85/511/EEC) on the control o f FMD throughout the Community and essential common 

measures were laid down to deal with an outbreak in a uniform manner. The 

impossibility o f continuing the differential system o f vaccination versus non

vaccination was immediately evident (Commission o f the European Communities, 

1989:6).

The next section describes the most recent FMD Directive (2003/85/EC), which made 

important amendments to the incomplete measures o f Directive (85/511/EEC). It 

allows the EU to maintain its internationally recognised status o f  “free from FMD 

without (routine) vaccination”. The basic approach o f eradicating FMD by culling o f 

Infected Premises and known dangerous contacts is retained but greater prominence is 

given to the role o f emergency vaccination as a control option for use alongside 

stamping out in some circumstances; providing for “suppressive” v a c c in a tio n ,w h ic h  

generally means that the vaccinated animals would subsequently be killed and

''' S u p p ressive  vaccin ation  - em ergency vaccination whicii is carried out exclusively  in conjunction with 
a stam ping-out policy in a holding or area where there is an urgent need to reduce the amount o f  foot-and- 
mouth d isease virus circulating and to reduce the risk o f  it spreading beyond the perimeters o f  the holding  
or the area and where the animals are intended to be destroyed follow ing vaccination (A rticle 2).
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“protective” vaccination'^ which would allow the vaccinated animals to live out their 

normal economic lives. A brief summary o f the Directive follows (Department o f 

Agriculture, 2004):

a) The new Directive puts forward emergency vaccination as an important means o f 

controlling an epidemic o f animal disease and lays down conditions for the possible 

marketing o f meat from animals vaccinated on Union territory during an outbreak o f 

animal disease;

b) It extends the Community requirements as regards contingency plans and requires 

Member States to review them every five years in the light o f real-time alert exercises;

c) It gives five separate criteria (detailed in the following section), any o f which may be 

used as the basis for declaring an outbreak o f FMD on a holding; this should help to set 

preventive measures in motion more quickly;

d) It requires the M ember States to introduce systems o f penalties to be applied in cases 

o f infringement o f the national provisions adopted pursuant to Community directives;

e) It requires M ember States to provide information about the dates on which the 

Community measures were implemented. This should enable the Commission to 

determine the extent to which Community reimbursement is due.

P rotective  vaccin ation  - em ergency vaccination carried out on holdings in a designated area in order to 
protect animals o f  susceptible species within this area against airborne spread or spread through fom ites 
o f  foot-and-m outh disease virus and where the animals are intended to be kept alive fo llow ing vaccination  
(A rticle 2).
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Article 50 would allow the possibility o f emergency vaccination to be considered in 

Ireland if  one o f the following criteria were met:

Outbreaks o f FMD have been confirmed in Ireland and threaten to become 

widespread;

Other Member States are at risk due to the geographical situation or the 

prevailing meteorological conditions from FMD outbreaks in Ireland ;

Other Member States are at risk due to epidemiological links between holdings 

on their territories and holdings keeping animals o f susceptible species in Ireland 

(when FMD outbreaks have been confirmed in Ireland);

Ireland is at risk due to the geographical situation or the prevailing 

meteorological conditions from an FMD outbreak in a neighbouring country.

The decision to vaccinate will depend on established criteria;
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T able  2.1: Criteria for the decision to apply  protective vaccination* (A nnex  X)

Criteria
For vaccination

Decision
A gainst  vaccination

Population  density  o f  susceptible animals High Low

Predom inant species clinically affected Pigs R um inants

M ov em e n t  o f  potentially infected Evidence  N o  evidence
anim als  or products out o f  the protection
zone

Predicted airborne spread o f  virus from High L ow  or absent
infected holdings

Suitable vaccine

Origin o f  outbreaks (tractability)

Incidence slope o f  outbreaks

Distribution o f  outbreaks

Public reaction to total s tam ping out 
policy

A cceptance  o f  regionalisation after 
vaccination

Available

U nknow n

Yes

N ot available

K now n

Rising rapidly Shallow or slow rise 

W idespread  Restricted

Strong W eak

No

* = In accordance with the report o f  the Scientif ic  C om m it tee  on A nim al Health 1999
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Table  2.2; Additional criteria for the decis ion to introduce em ergen cy  vaccination

Criteria

A cceptance  o f  
regionalisation by third 
countries

E conom ic  assessm ent o f  
com peting  control 
strategies

For vaccination

K now n

Decision

Against vaccination

U nknow n

If  it is foreseeable that a control I f  it is foreseeable  that a control
strategy without em ergency  strategy with em ergency
vaccination w ould  lead to vaccination w ould  lead to
significantly higher econom ic  losses significantly  higher econom ic 
in the agricultural and non losses in the agricultural and non
agricultural sectors agricultural sectors

It is foreseeable  that the Yes No
24/48 hours rule cannot be 
im plem ented  effectively 
for two consecutive days 
( ' )

Significant social and Yes No
psychological im pact o f  
total s tam ping out policy

Existence o f  large holdings Yes N o
o f  intensive livestock
production

(1) 24/48 hours rule means: (a) Infected herds on holdings referred to in Article 10 cannot be s tam ped out 

w ith in  24 hours after the confirmation  o f  the disease, and (b) The pre-emptive killing o f  anim als likely 

to  be infected or contam inated  cannot be safely carried out within less than 48 hours.

Under Article 53, where suppressive vaccination is used:

It may only be used within the Protection Zone
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It may only be used on clearly identified holdings on which the measures, which 

apply to an FMD infected holding, are applied.

Slaughter may be delayed if  necessary for logistical reasons to comply with EU 

requirements on welfare at slaughter and disposal o f carcases by rendering.

Control measures to be applied by the Competent Authority are at least those 

required in Protection and Surveillance Zones, and are notified to the 

Commission.

Under Article 52, where protective vaccination is used:

The vaccination zone must be regionalised

The vaccination zone must be surrounded by a surveillance area (as per OIE 

rules) o f at least 10 km radius from the perimeter o f the vaccination zone in 

which:

1. Vaccination is prohibited.

2. Intensified surveillance is carried out.

3. Movement controls on susceptible species are in place and remain 

in place until OIE FMD-free status is recovered.

The measures which apply to Protection and Surveillance Zones continue to 

apply to those holdings falling within the relevant Zones.
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Vaccination must be carried out swiftly and in conformity with the principal 

rules on hygiene and biosecurity, to avoid further spread o f FMD virus.

It should be noted that vaccination alone will not eradicate the disease in the face o f an 

outbreak (www.defra.gov.uk). In any event, EU legislation still requires that the 

primary control measure is the culling o f all susceptible animals on infected premises 

and dangerous contacts. If  vaccination were subsequently utilised, it would need to be 

used in conjunction with measures such as movement restrictions and strict biosecurity. 

The Directive requires that as soon as the presence o f FMD is suspected, rapid action 

must be taken so that immediate and effective control measures can be implemented. 

The range o f options cited in the event o f an outbreak includes:

Culling o f other livestock exposed to the disease (e.g., premises under virus 

plumes, contiguous premises) and;

Emergency vaccination (either to live or to kill; within an area or in a ring 

around an area);

Pre-emptive or ‘firebreak’ culling o f animals, which are not on infected premises 

nor are dangerous contacts nor are necessarily exposed to the disease, in order to 

prevent the wider spread o f  the disease outside an area.

Since each disease outbreak is different and each has to be tackled at speed and

inevitably with imperfect information it is not possible to prescribe in detail which

strategy will be followed in advance o f knowing the circumstances o f a particular

outbreak. Therefore a flexible approach is needed.
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The main objective in tackUng an outbreak will be to eradicate the disease as quickly as 

possible and to recover disease-free status. The following are important in determining 

the correct control strategy. It should:

Minimise the possible disruption to the food, farming and tourism industries, to 

visitors to the countryside, and to rural communities and the wider economy. 

Minimise the number o f animals which need to be slaughtered, either to control 

the disease or on welfare grounds, and which keeps animal welfare problems to 

a minimum.

Minimise damage to the environment and protect public health.

Minimise the burden on taxpayers and the public at large.

2.5 The Trading environment -  OIE code in practise

“Animal diseases that cross borders need an immediate and effective regional or 

international response ”

(FAO/OIE)

Co-operation between nations and between international organisations such as the FAO 

(Food and Agricultural Organisation) and the OIE (World Organisation for Animal 

Health) are essential if  the threat o f disease is to be minimised. A new agreement was
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signed by the FAO and OIE on the 24'*’ May 2004, clarifying their areas o f competence 

and improving synergies. The OIE is the body that collects official information 

provided by countries, sets standards and guidelines and issues recommendations on 

safety o f international trade o f animals and animal products, on animal health and 

zoonoses, FAO advises countries on good agricultural practises, disease control and 

eradication methods (www.fao.org).

Prior to the completion o f the Uruguay Round o f multilateral trade negotiations, FMD 

free countries banned all imports o f restricted commodities from countries that were not 

free from disease. Under the newly created WTO (World Trade Organisation) some 

important changes occurred in the regulatory framework affecting trade between FMD- 

free and FMD-endemic regions. These changes are set out in the Agreement on Sanitary 

and Phytosanitary Standards (the SPS Agreement). They include the principle o f 

regionalisation, risk assessment and assessment o f the scientific grounds for imposition 

o f non-tariff barriers to trade and prohibition o f the use o f SPS regulations as barriers to 

trade.

Since the early 1990s, the OIE has been given the responsibility o f compiling a list o f

Member Countries (or zones) that are officially recognised as being free from certain

diseases. Developed by the FMD and Other Epizootics Commission, which is elected

by the International Committee, the OIE examines in detail dossiers submitted by the

Delegates o f  Member Countries in support o f a claim that their countries or zones

within their countries could be considered free o f FMD in accordance with the

provisions o f Chapter 2.1.1 o f the OIE Terrestrial Animal Health Code (FMD was the
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first disease chosen in the Hght o f its significance for international trade). In 1996 the 

first official list o f OIE Member Countries or zones that were FMD free without using 

vaccination was published. Official OIE recognition o f the absence o f certain diseases, 

if  the case arises, with or without the use o f vaccines is essential to OIE Member 

Countries that engage in international trade. Only one-third o f the world is FMD-free, 

dividing the globe in two and segmenting the world beef trade into FMD endemic 

countries (i.e.. Pacific beef market) and non-FMD endemic countries (i.e., Atlantic beef 

market) (OIE, 2002). The price difference between the two segments for meat o f 

similar quality can be as high as 50% (USDA, 2002). The maintenance o f disease free 

status is dependent on continued observance o f OIE rules and reporting by Member 

Countries o f any significant events that may change that status. Failure to comply 

provides grounds for the OIE to revoke the given status fwww.oie.int) .
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Table 2.3: M em ber Countries recognised as FMD free where vaccination is not practiced

A lbania G erm any N etherlands

Australia G reece N e w  C aledonia

Austr ia G uatem ala N ew  Zealand

B elgium G uyana N icaragua

B osn ia  and H erzegovina Honduras N orw ay

Bulgaria Hungary Panam a

Canada Iceland Poland

Chile Indonesia Portugal

C osta  Rica Ireland R om ania

Croatia Italy Singapore

C uba Japan Slovakia

Cyprus K orea (Rep. of) Slovenia

Czech Rep. Latvia Spain

D enm ark Lithuania Sweden

El Salvador L uxem bourg Switzerland

Estonia M adagascar Ukraine

Finland Malta United K ingdom

Form er Yug. Rep. o f Mauritius United States o f  Am erica

M acedon ia M exico Vanuatu

France

Source: OIE

Following an outbreak, when culling is used, FMD free status without vaccination can 

be recovered three months after the last recorded outbreak o f  the disease in conjunction 

with clinical and laboratory surveillance. When vaccination is used (and vaccinates 

subsequently slaughtered) it can be recovered at least three months after the slaughter o f  

the last vaccinated animal, again in conjunction with serological surveillance, or 

alternatively at least six months after the last outbreak or the completion o f  emergency
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vaccination (if vaccinates are not subsequently slaughtered), whichever occurred later 

(2 0 0 3 /8 5 /E C ) .(F o r  details on OIE trade rules see appendix 1). The division o f a 

country into different zones ensures that some trade continues. Zoning provides a 

lifeline; the opportunity for a disease-infected country to continue trade with disease 

free countries by defining areas within the country as either infected or disease-free.

In theory, with the imposition o f trading restrictions (whether these are applied to part 

o f or the entire country) there should be minimal disruption in export trade in the 

aftermath o f an outbreak. In reality, however, as a precaution most countries will 

immediately close their borders before actually examining the extent o f an outbreak. 

This was the case during the recent outbreaks in Ireland, UK, France and the 

Netherlands. Experience from the UK suggests that although some markets would 

initially close for dairy products (e.g., Australia did not allow imports from the UK 

following the 2001 outbreak, even though some were processed to deactivate the virus 

in accordance with OIE guidelines), the negligible risk o f dairy products transmitting 

FMD and pressure on world supply led most countries to recommence trade fairly 

quickly (most continued trade in dairy products with the UK during the 2001 outbreak) 

(Productivity Commission, 2001). Because the economic benefit o f gaining access to 

high-price export markets when disease-free status is achieved is large, the trade 

disruption following an outbreak can compound the economic damage due to the 

outbreak itse lf On the whole, for the recent outbreaks in Ireland, the UK, France and

In the Irish ca se  it is en v isa g ed  that vaccin ates w ou ld  be slaughtered to avo id  large trade lo sse s. T h is is 
the assum ption  m ade throughout this study.
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the Netherlands a relatively prompt recognition and restoration o f FMD-free status by 

most importing countries was experienced.

As far as exports to countries outside the EU are concerned, the restoration o f FMD-free 

status does not mean that all FMD trade restrictions are immediately lifted. It merely 

establishes a basis for the country to negotiate a resumption o f trade. Countries outside 

the EU determine their own import rules, we expect them to respect international 

guidelines but this is not always the case. In practice, much trade in animals and animal 

products is still regulated by bilateral protocols whose details may reflect all kinds o f 

extra specific conditions and requirements based on various SPS and non-SPS 

justifications. Exporting countries can face large differences in import requirements for 

a particular animal product in different export markets. There are instances where some 

nations take longer than OIE specified periods to open their markets to a country 

achieving disease-free status after an outbreak. The Court o f Auditors in their Special 

Report (No. 8/2004) in the aftermath o f the last outbreak, pointed out that a number o f 

countries, some o f which had concluded veterinary agreements with the Community, 

continued to block exports from the EU after the countries concerned had recovered 

their disease-free status.'' The Commission has not quantified the Community-level 

cost o f export bans, however the same report noted that there is a risk o f bans becoming 

more significant if the EU pursues emergency vaccination, because o f the risk that third 

countries that do not vaccinate may be reluctant to accept exports from zones that do 

(Court o f Auditors, 2004:56).

17 The restrictions on exports from M ember States were lifted very slow ly  and som e were still in place at 
the tim e o f  writing the report. The Netherlands, for exam ple, was still having d ifficulties with exports to 
the U SA  in September 2002 , even though it had officia lly  recovered the status o f  FM D-free country one 
year earlier. Similar problem s were found in France, Ireland and the United Kingdom.
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Undoubtedly, the potential economic consequences o f trade restrictions are large; recent 

observations relating to cases o f Bovine Spongiform Enchelopathy (BSE) and FMD 

illustrate the speed with which a border can be closed to the livestock and meat trade, 

e.g., the single case o f BSE confirmed in Canada in May 2004 cost $1 Im per day in lost 

exports (Irish Farmers Journal, 04/10/03). Overall, the ability to reduce the trade losses 

o f an outbreak will ultimately depend on where it is located and how long it takes for 

zones to gain international acceptance. Because o f the time lags involved in 

establishing an FMD-free zone, export volumes may not recover immediately. 

Moreover, areas zoned as FMD-free would benefit from continued exports and in some 

cases may face higher demand and receive higher prices for exports because o f lack o f 

competition from the FMD-infected zone. Also significant from the EU perspective, is 

the risk that an outbreak in one country could jeopardise other Members States’ disease 

free status and cause importers to look for other sources o f product; given the volume o f 

intra-community trade and the potential for the disease to spread quickly via this trade. 

An outbreak could then force adjustment in the pattern o f exports.

The possibility o f diverting to other markets is completely dependent on whether or not

a country is exporting to FMD free or endemic countries. Countries complain about

trading partners’ refusal to recognise their disease-free zones although they comply with

OlE guidelines. A country that has lost its FMD-free status following an outbreak will

naturally find it more difficult to export. The differences in the length o f  the waiting

periods for regaining FMD-free status thus affect a country’s strategy with regard to the

use o f emergency vaccination. The period to regain FMD free status is always longer in

countries having recourse to vaccination, as there is uncertainty as to whether
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vaccinated animals might be infected with the virus without expressing clinical signs. 

Thus, in the event o f an outbreak, eradication o f the disease by slaughter is the preferred 

method as this allows a country to regain its FMD free status according to the OIE 

criteria in the shortest possible time. However the decision by the OIE in May 2002 to 

reduce the minimum period before a country can re-apply for full trade status when 

vaccination has been used, from twelve months to six, has added a new dimension to the 

debate. In theory this should reduce the costs involved o f using emergency vaccination, 

however this is true only if  market demand in other countries follows the OIE view. 

The question to be answered is whether targeted vaccination can shorten the duration o f 

the epidemic, reduce its total costs and facilitate the return to disease free status as 

quickly as possible?

As already outlined, the world meat market is effectively divided in two; an FMD-free 

market (in which meat attracts a price premium) and an FMD-endemic market. With 

Irish interest only in the FMD-free market, an outbreak and its subsequent trading 

restrictions would have serious repercussions for overseas trade and the glut would 

cause domestic prices to fall. Recent changes in trade requirements (WTO and SPS 

agreements) allow countries with FMD to export to FM D-free markets if  the exports 

originate in FMD-free regions and if  disease is contained within a quarantine area 

through zoning. It is the potential loss in export markets, especially for beef and sheep 

meat that is the biggest fear, the loss o f white-listed status (if an outbreak occurs): 

access for the country’s food products to worldwide markets. Subsequently, there 

remains uncertainty about the use o f emergency vaccination in an Irish context, this is 

clear from the comments o f the then Minister for Agriculture in 2004:
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"The fact that OlE has modified its rules to shorten the period following vaccination 

within which countries can be regarded as FMD free, does not necessarily mean that 

the marketing o f vaccinated meat, or meat from countries which have vaccinated will 

become significantly easier. Therefore, while it is absolutely appropriate that Member 

States should have a broad range o f  disease control responses from which to choose, 

and the judgement as to whether vaccination should be employed in individual 

circumstances must generally remain with the individual Member States. From an Irish 

perspective, with its open economy and extensive production system, any option other 

than slaughter out will continue to be approached with extreme caution. ”

("Minister for A gricu ltu re  and Food, Joe W alsh, ! 1/06/04)

The question remains, can the use o f emergency vaccination in the Irish context shorten 

the duration o f an outbreak such that time out o f markets is minimised. This will be 

examined in chapter 5.

2.6 Foot-and-Mouth Disease in Europe

Europe is presently free o f the disease, despite some recent high profile re-introductions 

that were subsequently eradicated. This was achieved in most continental European 

countries by following a policy for three to four decades o f mass prophylactic 

vaccination (supplemented by the destruction o f infected herds in most countries and, in 

Ireland, the UK and Nordic countries, by the destruction o f infected herds alone).
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Ultimately this led to a steady decrease in incidence, until it was reduced to a point 

where replacing it with a policy o f contingency planning and stamping out was feasible.

During this period, the European Commission for the Control o f  FMD (EUFMD 

Commission) focused efforts on preventing the introduction o f exotic strains o f FMDV 

into Europe by establishing a buffer zone in the Thrace region o f Turkey. At the end of 

the 1980’s it became apparent that there were no endemic foci o f the disease in Europe 

to the east. Since then, and until 2001, despite several incursions o f the virus, the 

disease has always been contained and eradicated rapidly (Leforban and Gerbier, 

2002:477).

2.6.1 History of Foot-and-Mouth Disease

The earliest accepted description o f the disease dates from 1546 in the writings o f an 

Italian, Girolamo Fracastoro, in which he described an epizootic that occurred in Italy in 

1514. In 1898, Germans, Friedrich Loeffler and Paul Frosch, found evidence that the 

cause o f FMD in livestock was an infectious particle smaller than any bacteria and thus 

the first virus causing disease in animals was identified as Foot-and-Mouth Disease 

virus (FMDV) (Dept, o f Agriculture, 2004:3). The European livestock industry was 

first seriously affected by FMD in the 1930’s and the types involved were O, A and C as 

we know them today. At the end o f World War II, Africa, Europe, Asia, the Middle 

East and South America were endemically infected. Following the war there was a lull 

in the occurrence o f FMD probably due to restrictions on movement and rebuilding o f 

national herds. The early 1950’s saw an upsurge in outbreaks with serious
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consequences, which resulted in the OIE and FAO becoming more organised on a 

continental basis in fighting the disease (Department o f Agriculture and Food, 2004:4).

The advent o f the Frenkel vaccine led to rapid expansion in vaccine output and resultant 

cover. In addition, most countries adopted a slaughter policy although some additionally 

used mass vaccination around the outbreak as a further measure. During these years 

most European countries adopted a compulsory vaccination policy at least in cattle. 

Outside Continental Europe the Scandinavian countries and UK and Ireland remained 

relatively free. Ireland was the only country out o f a group including Belgium, 

Denmark, France, Greece, Italy, Luxembourg, the Netherlands, UK, Spain and Portugal 

that had no outbreaks from 1968-1988 (table 2.4). The disease remains endemic and at 

a high prevalence in many countries in Africa, the Middle East, Asia and South America 

(Department o f Agriculture and Food, 2004:4).
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Table 2.4

Foot-and-M outh Disease outbreaks- EC M em ber States (1968 -  1988)

C ountry 1968 1969 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988

Belgium 1 3 2 2 0 0 62 21 1 0 0 0 0 0 0 0 0 0 0 0 0

D enm ark 5 8 2 0 0 0 0 0 0 0 0 0 0 0 22 1 0 0 0 0 0

France 40 36 2 8 2 1 89 2 0 0 1 21 0 14 0 0 0 0 0 0 0

W . G erm any 68 12 8 9 22 9 14 13 5 2 3 0 3 0 1 0 3 0 0 2 4

G reece 0 111 26 27 330 397 14 1 1 3 0 0 0 6 0 0 2 0 0 0 0

Ireland 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Italy 22 135 147 15 9 13 5 31 61 18 43 4 1 3 0 0 44 129 150 167 7

Luxem bourg. 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

N etherlands 0 0 0 21 7 0 3 2 0 1 0 0 0 0 0 1 5 0 0 0 0

U.K. 187 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0

Spain 562 522 473 510 371 453 244 90 29 26 0 7 4 18 1 8 0 0 1 0 0

P ortugal 923 160 103 1058 0 0 0 0 0 0 0 0 690 308 0 164 22 0 0 0 0

Total 1808 987 763 1650 741 873 432 160 87 50 47 32 698 350 24 174 76 129 151 169 II

Source: Com m ission o f the European C om m unities, 1989 (annex 1, table 1)
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The disease was first introduced to Ireland in 1839, reappearing in 1869 and then in 

1871. This outbreak persisted until 1877, and it reappeared in 1883. The 1883 

outbreak was eradicated in 1884 following movement controls and stamping out, 

which was used in Ireland for the first time. The next outbreak hit in 1912, with 

more to follow in 1914, 1921, 1928, 1931 and 1941. The most recent outbreak 

occurred on a single holding in Co. Louth on 22"** March 2001. These outbreaks 

along with those in the UK, Netherlands and France in 2001 were the most recent 

introductions o f the disease into Europe.

2.6.2 EU Policy towards Vaccination

With the imminent completion o f the single market, it was decided in 1989 that a 

cost-benefit analysis o f alternative control strategies for FMD be undertaken. The 

main difficulty was that three o f the twelve countries (Denmark, Ireland and the UK) 

did not practise prophylactic (annual) vaccination against the disease and the 

impossibility o f continuing the differential system o f vaccination versus non

vaccination was immediately evident. On the evidence provided by the report, a 

non-vaccination policy was found to be safer and cheaper. More than a decade later 

the debate has turned to whether or not emergency vaccination should be adopted in 

the event o f future outbreaks and the reasons for this change in emphasis are 

outlined here.

The cost-benefit analysis undertaken by the Commission in 1989 examined the 

policies o f preventive vaccination and systematic slaughter, assessing the risk o f 

FMD occurring in the Community, together with the economic effects o f the two 

possible alternatives. It was found that the discontinuation o f preventive mass
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vaccination was economically justified and that to achieve the aims o f the internal 

market, i.e., to harmonise health standards at a high level and ensure the free 

movement o f goods, the Community must move to a non-vaccination policy. The 

study projected the costs over a period o f ten years (from 1993 to 2002) on evidence 

available from the previous eleven years, according to three different scenarios for 

the scale o f the crises. The economic analysis also took into account the probability 

o f outbreaks occurring in the Community under the alternative policies 

(Commission o f European Communities, 1989:16). Three scenarios were examined 

and are summarised below:

1. The '"central case’’’’ is based on the cost o f an average outbreak and the 

number o f primary and secondary outbreaks as predicted by the Scientific 

Veterinary Committee, based on the cost o f an average outbreak (158,000 

ECU) and the most likely number o f secondary outbreaks (20) arising from a 

primary outbreak. If a non-vaccination policy was implemented the total 

cost to the Community (discounted present value over 10 years at 5%) was 

estimated at 35m ECU. If preventative vaccination were continued the total 

cost was estimated at 1,134m ECU.

2. The "'best case'" (most optimistic) i.e., outbreaks all occurring on the smallest 

livestock holdings and no secondary outbreaks arising out o f the primaries. 

With a non-vaccination policy (as above) total cost was found to be 337,000 

ECU. With a vaccination policy total cost would be 1,080.5 m ECU.

3. The ’’"worst case" (assumed that 150 secondary outbreaks would arise from 

each and every primary and that the outbreaks would occur in the largest
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herds and cost 600,000 ECU each). With a non-vaccination strategy the total 

cost would be 955m ECU, and 2,550m ECU with vaccination.

This analysis demonstrated that the most probable outcome over the period was that 

a vaccination policy would cost considerably more than a non-vaccination policy. 

Even in the most unlikely worst case, where all outbreaks occur in the very largest 

livestock units and there is a high rate o f spread o f infection, the non-vaccination 

policy is the most cost-effective (Commission o f European Communities, 1989:18). 

It was found that the adoption o f either policy would have little effect on intra- 

Community trade in live animals and livestock products but that the adoption o f a 

non-vaccination policy would mean that vaccinated animals could not be imported 

without additional safeguards.’  ̂ It was clear that a Community pan-vaccination 

policy would seriously affect exports to many non-member countries and that a non

vaccination policy would require a ‘finely-tuned’ disease surveillance system, 

capable o f dealing with emergency situations quickly and effectively. On the 

evidence provided by the report, a non-vaccination policy was found to be safer and 

cheaper, and fulfilled the double objective o f ensuring a high health standard and the 

free movement o f goods in the Single Market.

A number o f risks conducive to the spread o f  the virus have increased since 1993: 

the number o f livestock movements have increased'^ with the completion o f the 

single market, the number o f abattoirs have fallen, leading to increased 

concentrations o f animals and an enhanced risk o f infection, while stocking

This w ould not affect imports o f  fresh meat and meat products provided all the usual procedures 
i.e., maturation and deboning are maintained

In the case o f  cattle, there are m ovem ents involving around three m illion head per year.

The number o f  abattoirs in the United Kingdom fell from 1400 in 1990 to 400 in 1999.
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21densities, particularly o f sheep, goats and pigs, have soared. Nonetheless, with the 

non-vaccination policy in operation for more than ten years the number o f primary 

and secondary outbreaks observed is roughly in accordance with EC expert 

predictions and the change o f policy towards non-vaccination did not result in an 

increase in the incidence o f FMD (Leforban and Gerbier, 2002:484).

2.7 The 2001 outbreak

The speed at which FMD of the Pan-Asia O type spread within the EU, particularly 

the UK, in 2001, was unprecedented in the history o f FMD, as was the scale o f the 

outbreaks. 6.5m animals were slaughtered in the UK, 285,000 in the Netherlands, 

63,000 in France and 53,000 in Ireland. The presence o f the disease was confirmed 

in the UK, France, Ireland, and the Netherlands on the 21̂ * February and the 14"’, 

21̂ * and 22"‘* March respectively. The UK outbreak lasted 10 months, with 2,034 

outbreaks o f infection extending to 10,124 farms and leading to the slaughter of 

some 4 million animals. In addition, more than 2 million animals were slaughtered 

because o f  the welfare problems that arose when they were confined to farms 

following movement restrictions. It was not possible to contain the disease to the 

UK and it spread quickly to three other Member States where more than 6.9m

B etw een  1987 and 1997  the d en sity  o f  p igs per farm had m ore than trip led in Ireland, and 

increased  by m ore than 50%  in the N etherlan ds, the U n ited  K ingdom  and France. T he d en sity  o f  

sh eep  per h o ld in g  had a lso  increased su bstantia lly  in Spain , Ireland and the U n ited  K in gdom  in 

particular, w h ere it reached a lm ost 5 0 0  head per h o ld in g , four tim es higher than the average d en sity  

for the U n ion  (1 3 7 .9  head per hold in g). T he stock in g  d en sity  for goats increased lik ew ise  over  the 

period , e sp e c ia lly  in G reece, Spain, France, Italy and the N etherlands. (Structure o f  agricultural 

h o ld in g s H istoric  results - Su rveys from  1 9 6 6 /1 9 6 7  to 1997-F in al version: O ctober 2 0 0 0  Eurostat, p. 

88 , 89  and 9 2 ).
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animals were slaughtered overall. An immediate ban was imposed on the import o f 

live susceptible species and o f products o f susceptible species from these countries 

(unless appropriately treated). The following sections outline events in the four 

Member States affected, drawing on the Special Report o f the European Court o f 

Auditors (2004). The discussion focuses on three areas in particular: the 

effectiveness o f contingency planning; the effectiveness o f government 

interventions, and the question o f compensation.

2.7.1 Contingency Planning

In the aftermath o f the outbreak contingency plans drawn up by Member States (as 

required since 1990) were found to be lacking by the European Court o f Auditors 

(Court o f Auditors (Special Report No 8/2004)) on the Comm ission’s management 

and supervision o f the measures to control FMD and o f the related expenditure. 

These were to facilitate access to the plant, equipment, personnel and all other 

appropriated materials necessary for the rapid and efficient eradication o f an 

outbreak. At the time o f the crisis the Commission had still not reviewed the 

implementation either o f the UK’s plan or o f those o f the Netherlands or France. 

The plans had not provided adequately for the worst case scenario, made no 

provision for stepping up the resources to counteract it and did not provide the 

necessary administrative and financial organisation.

The UK plan, in line with Commission guidelines, did not make provision for the 

pessimistic scenario, only covering up to ten outbreaks at any one time, without 

establishing any procedures for rapidly increasing the resources needed to handle 

culling and destruction. There was no mention o f any system for recruiting valuers
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in an emergency, or the general principles for paying them. The plan had not been 

issued to farmers or farmers’ representatives.

In France the plan made it possible to deal successfully with the two outbreaks that 

occurred simultaneously, but there was no provision for the increased resources 

needed to deal with a more pessimistic scenario. The Irish contingency plan 

envisaged dealing with ten outbreaks at any one time. Only the Netherlands had 

learned from the swine fever crisis and had provided for the necessary resources to 

be increased to deal with its 26 outbreaks by introducing EV as soon as the resources 

were found to be insufficient to carry out culling immediately (Court o f Auditors, 

2004:26).

Another key issue was that o f traceability; Community regulations did not require 

sheep to be identified individually and there were also shortcomings in the system o f 

batch identification, hampering the tracing o f animals that were suspected o f being 

infected and so delayed their slaughter. In the UK sheep that should have been 

slaughtered were not killed, so adding to the risk o f the virus spreading. A tagging 

system has however since been introduced.

2.7.2 Intervention and Movement Restrictions

In the event o f an outbreak, early intervention is crucial. Directive 85/511/EEC 

required the immediate imposition o f restrictions on animal movements in protection 

and surveillance areas o f a minimum radius o f 10 km around infected farms, in order 

to limit the risks o f an epidemic spreading. These measures were implemented in
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the UK, but the restrictions alone could not contain the spread o f the epidemic in 

view o f the extent o f contamination before the first outbreak had even been detected; 

a nationwide ban on animal movements was not introduced until three days after the 

epidemic had been officially confirmed. Another 62 premises were believed to have 

been infected in seven other counties in the interval between confirmation o f the first 

outbreak and the introduction o f the ban on livestock movements, with an increase 

in the scale o f the epidemic (and, therefore, its cost) which university 

epidemiologists estimated to be twice what it would have been had the restrictions 

been imposed on the same day that the disease was confirmed (Court o f Auditors, 

2004:30).

Also in the UK, as allowed by Community regulations, the responsible authority 

waited for laboratory confirmation o f infection before culling the animals from the 

first outbreak: in the meantime three other outbreaks had occurred. In the case o f the 

first 100 outbreaks the interval between confirmation o f contamination and 

slaughter, was, in most instances, more than 24 hours and could be up to seven 

days.^^ The UK subsequently took the appearance o f clinical symptoms as the basis 

for culling. In 78% o f such cases subsequent tests confirmed the vets’ diagnosis. In 

the Netherlands, France and Ireland preventive culls (slaughter as soon as outbreak 

suspected) were carried out, especially in the case o f sheep imported from the UK. 

In the UK animals were killed after they had been valued and after the farmer had 

accepted the valuation, thus delaying slaughter o f infected animals. In France, on 

the other hand, animals were valued after slaughter, so as not to delay eradication o f 

infection.

During the period o f  suspicion 287  pigs were exported from Northern Ireland to the Republic 
before the ban was actually im plemented at 17.00 on 2I®‘ Feb whereas as soon as an outbreak was 
suspected in the Republic, m ovem ent restrictions were put in place.
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M ovement restrictions etc. were put in place quickly in Ireland, the Netherlands and 

France. In the Netherlands the control strategy was initially one o f controlling the 

virus as quickly as possible through vaccination, however during the outbreak it was 

found that the economic consequences o f this would be too large and a mass 

slaughter policy was undertaken in order to retain ‘FMD-free without vaccination’ 

status. The three broad reasons which were put forward to explain the severity o f the 

UK outbreak therefore were: the significant shortage o f government vets, the fact 

that farmers did not notify the disease immediately (on which the effectiveness o f 

control arrangements relied) and in some cases, the unacceptable delays in the 

identification and confirmation o f suspected cases, and subsequent slaughter and 

disposal o f the animals in question (Court o f Auditors, 2004:32),

2.7.3 Compensation and its financing

Following the crisis the four Member States involved requested reimbursement o f 

€1,616m from the EU emergency veterinary fund. Overall, total expenditure 

declared for compensation for slaughter and destruction o f animals as well as 

disinfecting o f farms and equipment was around €2,693.4m of which €1 ,616m was 

claimed for Community reimbursement. The total declared for slaughter 

compensation alone was €1,775.1m o f which €1,065.2m was claimed for 

reimbursement (table 2.5).

23 Cumbria w as the region most affected during the last outbreaic and has 4m  sheep, more than 
880 ,000  cattle and 170,000 pigs. In that region the number o f  governm ent vets went down from 27 in 
1967 to only nine in 2001. Overall the UK had 9.5 governm ent vets per m illion animals (cattle, sheep  
and pigs) compared with an average o f  more than 20 vets per m illion for other M ember States. Due 
to the reduction in the number o f  governm ent vets in the UK and the delay in calling up additional 
manpower, the effectiveness o f  measures to control the epidem ic was significantly reduced.
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T able  2.5 -  C la im s for re im bursem ent subm itted  by M em b er  States in connection  with their  

expenditure  on com pensation  for anim als slaughtered

Number o f  animals covered by compensation

Country Sheep Goats Cattle Pigs Other Total

France 48,573 206 1,406 10,138 0 60,323

Ireland 50,172 98 1,172 70 15 51,527

Netherlands 39,011 9,654 90,842 136,545 1,134 277,186

U.K. 2,449,424 0 579,637 135,084 2,438 3,166,583

Total 2,587,180 9,958 673,057 281,837 3,587 3,555,619

Total compensation (€ euro)

Country Sheep Goats Cattle Pigs Other Total

France 5,739,074 23,651 1,697,635 1,868,433 0 9,328,794

Ireland 7,359,366 18,658 859,862 9,800 11,443 8,259,129

Netherlands 3,965,380 1,363,801 65,247,745 16,339,358 586,037 87,592,322

U.K. 625,586,405 0 1,018,384,592 22,415,862 3,660,692 1,670,047,551

Total 642,650,225 1,406,110 1,086,189,835 40,633,454 4,258,172 1,775,137,795

Source: C ou rt o f  Auditors (Special Report No 8/2004) on the C o m m iss io n ’s m an agem en t and  

supervision  o f  the m easures to control F M D  and o f  the related expenditure.

Total reimbursement claims covered 3.5m animals, with the UK being the highest 

with 3,166,583 animals (89% of the total). Compensation paid amounted to 

€1,775.1m, o f which €1,670 was paid to the UK, i.e., 94% of total compensation 

paid. The category o f animals most affected was sheep (2,587,180). The highest 

compensation per animal category was for cattle, with a total o f €1,086,189,835 

(93.8% paid to the UK). Following its decisions to grant aid in connection with the 

outbreak, the Commission allowed payments for a total €433.5m for slaughter 

expenditure and €32. Im for other costs, bringing the total Community 

reimbursement to €465.6m at 31 December 2003.
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A number o f issues arose in relation to variations in compensation systems and lack 

o f uniformity in valuations by Member States. Compensation for direct losses by 

farmers, i.e., the gross value o f slaughtered livestock, was not set in advance (except 

in the Netherlands). This meant that Member States had to set it during the crisis, 

when some price references were unavailable because markets were closed. As 

regards indirect losses (farmers were not permitted to restock farms for three weeks 

after animals had been culled and premises decontaminated and therefore had no 

income during that period) there was no compensation in three M ember States 

(Ireland, The Netherlands, United Kingdom), leaving farmers without resources for 

at least three weeks after animals had been slaughtered, while the farm was being 

decontaminated. In France, on the other hand, the losses were reimbursed to farmers 

by the French authorities, which considered that the expression “adequate 

compensation” for farmers ought to cover all losses (animals and income). However 

the Commission did not accept these for reimbursement (Court o f Auditors, 

2004:40). By including indirect losses, France supplemented the value o f animals 

by around 30%.

In Ireland the responsible authority produced a monthly list o f precise prices for all 

categories o f cattle. However, in the case o f sheep, the audit found that the price 

grid established was incomplete and provided no upper limits. In the UK the 

compensation paid was high, with the Commission calculating that the average 

compensation paid for cattle was more than twice their value, more than two and a 

half times the value for sheep and almost twice the value for pigs, resulting in an 

over-valuation (€811.7m) o f the amount declared by the responsible authority. In 

Ireland and the UK additional amounts (around €0.5m and €1.7m respectively) were
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paid to farmers who disputed valuations but the amount o f compensation paid was 

not cut in cases where the responsible authority found the valuation too high.

In France, the flat-rate scale for sheep was revised upwards, adding almost €2m to 

the compensation for destroying carcasses. For other categories o f animal the 

inadequacy o f the national framework allowed prefectures to opt for various systems 

and the Commission estimated that € l . l m  o f the amount declared was attributable to 

the over-valuation o f animals, mainly because the compensation included indirect 

losses and the valuations for pigs were too high. In the Netherlands the ministry 

decided to reduce the compensation for infected animals by 50% of their value. As a 

consequence farmers received 50% of the value o f infected animals and 100% o f the 

value o f other animals, all on the same farm. A reference price grid was set in 

advance and the valuation procedures to be followed had already been laid down in 

the contingency plan. This was a contributory factor in achieving more precise and 

uniform assessments o f animal value (Court o f Auditors, 2004: 41).

A key issue in the ‘compensation debate’ is who should actually pay? The taxpayer 

is no longer willing to foot the bill and as the last outbreak showed it is not just the 

agricultural sector that suffers as a consequence o f an outbreak. Council Decision 

90/424/EEC specifies that the Community contribution is equal to 60% o f the 

eligible costs incurred by the Member State in controlling FMD (Court o f Auditors, 

2004:49) but farmers do not contribute to Community financing o f the control 

system. The Commission in its reply to the Court’s Special report on classical swine 

fever (CSF) spell out recognised that “producers should share greater responsibility 

for the financial aspects o f the eradication o f animal diseases” and said that it
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intended “to evaluate the possibility o f  supporting the Member States in establishing 

these schemes, in the framework o f the revision o f Community legislation on these 

issues.”

Some initiatives were taken in some M ember States independently o f the 

Commission, by either the public sector or the agricultural sector in question, partly 

with a view to reducing or supplementing the national expenditure on eradication. In 

the Netherlands, following the classical swine fever crisis, an animal health fund was 

set up, to pay compensation in the event o f an epidemic. It is funded from three 

sources: farmers, the European budget (where relevant) and the Dutch agriculture 

budget. The majority o f contributions come from farmers. A similar system is 

currently under study in the United Kingdom. In France farmers who are members 

o f animal health associations (groupements de defense sanitaire) voluntarily set up 

equalisation funds to compensate members who, in times o f crisis, incur losses as a 

result o f measures restricting animal movements if there is no Community 

reimbursement to compensate for such losses. The mindset is changing slowly in 

Ireland too, with the introduction o f disease levies.

There are thus interesting initiatives o f various kinds under development in the 

M ember States. There is a risk that without a Community framework they may 

create inequality between farmers. Moreover, although some o f these initiatives may 

result in a reduction o f Member States' contributions to the system for controlling 

disease, none o f them offers any guarantee that the cost to the Community can be 

reduced.
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In January 2003, the Commission ordered a study on insurance against the rislcs 

associated with animal diseases^"* (Court o f Auditors, 2004:51). The study 

highlighted the inconsistencies o f the current system and was favoured the 

generalised introduction in the Member States o f financial systems managed by 

farmers themselves, with their own financial contributions, to encourage them to 

participate in disease control. In the case o f compensation for indirect losses, the 

study suggested introducing a system o f voluntary insurance between farmers in the 

form o f a mutual fund o f some kind.

2.8 The Irish Experience

“The FMD crisis o f 2001 was a most significant event, from a variety o f  

perspectives. The threat posed by the disease held open the prospect o f  real and 

substantial economic damage, not alone in agriculture but across a number o f  

sectors, with attendant social consequences throughout the country. ”

(Joe Walsh TD, Minister for Agriculture and Food).

The 2001 outbreak had serious repercussions for farming and food industries, the 

haulage sector and other suppliers o f services to farming, and tourism sectors. 

Economic damage was minimised during the outbreak due to the speed and 

effectiveness o f the control strategy put in place. The overall economic impact on 

the agricultural sector was actually positive because o f the simultaneous, and more 

severe, outbreak in the UK, which led to higher prices for beef, pork and lamb

To provide an alternative solution to the m echanism s that are currently covered by the Em ergency  
Fund.
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arising from shortages there (Indecon, 2002). Although action was prompt and 

prudent, Ireland was very fortunate to contain the outbreak to a single episode. The 

fact that Ireland was only one o f a number o f countries which experienced an 

outbreak proved significant, and the presence o f the disease in the UK, a 

neighbouring country, meant that there was increased awareness o f  the threat posed, 

ensuring prompt action and simplified diagnosis and surveillance (Costelloe et al, 

2002).

Following the outbreak in the UK, considerable resources were deployed along the 

400-km land border with Northern Ireland (141 checkpoints) and at the 12 major 

ports and 8 airports o f the State with international connections. The measures taken 

included the dissemination o f information, automatic and manual disinfection o f 

vehicles, placing o f sanitised mats for disinfection o f vehicles and for disinfection of 

passenger footwear, confiscation o f prohibited meat/milk products, certification 

checks, second-hand farm machinery checks and disinfection and increased 

supervision o f the disposal o f food waste from ships/aircraft (Costelloe et al, 

2002:740).

Following the confirmation o f the disease in sheep on premises in Meigh, Co. 

Armagh, Northern Ireland, on the March (at a distance o f approximately 3km 

from the border with the Republic), the following measures were applied in that area 

o f the border adjoining Northern Ireland (Costelloe et al, 2002:740);

Establishment o f a 3-km protection zone (which was later extended) and 

a 10-km surveillance zone in Co. Louth on the frontier with Northern 

Ireland.
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Checks (for animals and animal products) and disinfection o f vehicles 

leaving the control zones.

Census o f all susceptible species within the Irish parts o f the zones 

arising from the outbreak in Northern Ireland.

Regular clinical examination o f all animals within the protection zone 

and a proportion o f those in the surveillance zone.

Cull o f all sheep and goats within the zones.

Serological tests o f cattle herds within the zones.

FMD was first suspected in one ewe on a holding at Broughattin, Co. Louth on 20'*’ 

March, located 8km south o f the infected premises in Northern Ireland and within 

the extended protection zone established around the Northern Ireland outbreak. The 

area consisted o f a peninsula (Cooley peninsula) bounded to the east and part o f the 

south by the sea and bordering Northern Ireland to the north. The holding had been 

subject to the nation-wide ban on the movement o f susceptible species effective 

since 28 February and to the movement control measures and clinical surveillance 

imposed in the protection zone from 1̂ ' March. Confirmation o f the FMD virus in 

the Republic was received on the 22"‘* March (Costelloe et al, 2002).

Measures applied following the outbreak, in accordance with the requirements o f EU 

Council Directive 85/511/EEC were (Costelloe et al, 2002:742):

The extension o f the existing protection and surveillance zones.

A census o f all susceptible species within the extended zones

The slaughter and burial on-site o f all susceptible species on the

remainder o f the infected land fragments within 24 hours.
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An epidemiological investigation into the source o f infection and 

possible spread from the infected premises.

Preliminary and final cleaning and disinfection o f the infected premises. 

Cull o f all susceptible species within 1 km o f the infected premises 

within 36 hours.

Extension o f the cull to include all wild goats and deer on the entire 

Cooley Peninsula.

Extension o f the cull to include all sheep within an area o f 160 km from 

4*̂  April (entire Cooley Peninsula).

Clinical examination and random serology o f culled animals.

Clinical examination and serology o f  all susceptible species remaining on 

holdings within the protection zone.

Clinical examination and serology o f all remaining sheep and goat 

holdings in the surveillance zone.

Prohibition on the movement o f  FMD-susceptible species into, within 

and out o f the zones.

Ban on gatherings o f susceptible species (including markets, fairs, 

shows).

Prohibition on artificial insemination.

Treatment o f milk holdings within zone.

In addition, measures were introduced to control the movement o f livestock and 

animal products from Co. Louth.

Additional control measures in place in the remainder o f the country were as 

follows (Costelloe et al, 2002:744):
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Ban on markets and other gatherings o f susceptible species from 26”’ 

February.

Ban on movement o f susceptible species from 28*’’ February.

Reinforced rules on cleaning and disinfection o f livestock vehicles 

following transport o f susceptible species.

Increased veterinary personnel assigned to slaughter plants for the 

purpose o f more detailed ante-mortem examination o f sheep.

Ban on feeding o f swill to susceptible species from 28*'’ March.

Ban on artificial insemination o f susceptible species.

The checkpoints around Co. Louth were removed on 19*'' April, leaving the 

protection and surveillance zones intact. These were lifted on the 30'*' o f April, 

following the completion o f all clinical examinations and serological testing. The 

status o f Ireland as “FMD-free without vaccination” under the OlE rules was 

regained in September 2001 (a ban on exports from the country as a whole to 

markets outside the EU had been in place since 22''‘* March).

During the outbreak in Ireland, a total o f 53,000 animals were clinically examined 

and slaughtered during the precautionary cull in Co. Louth. A decision was made 

that funeral pyres would not be used for the destruction o f carcasses for reasons o f 

public relations, cost, speed and environmental concerns. Animals on the infected 

premises were buried in situ. The source o f the infection was not identified, but there 

is strong circumstantial evidence o f an indirect contact between the infected premises

T he  EU ban was lifted in June 2001.
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in Co. Armagh and a neighbouring farm to the first infected premises in Co. Louth 

(Costelloe et al, 2002:744).

Because the last Irish outbreak was confined to one case and stringent movement 

restrictions were subsequently put in place, the 2001 outbreak was less serious than 

might have been. The Indecon report on the single Irish outbreak found that it cost 

the Exchequer €107m but that had efforts to prevent further spread not been 

successful, the adverse impact on Ireland’s GDP could have reached €5.6 billion (a 

decrease o f 6%), with job  losses o f up to 12,000 and the potential devastation to 20 

million susceptible livestock (Indecon, 2002). Tourism was the main loser with 

losses estimated to be € 2 10m in the first six months o f year. The Agri-Food sector 

actually benefited by around €107m due to the impact o f the UK outbreak, which 

resulted in higher than expected export prices for livestock exports, particularly 

sheep meat with exporters benefiting from the simultaneous and more severe 

outbreak in the UK. Indecon found that 75% o f the increase in the volume o f pig 

exports to the UK that year was due to the outbreak, and 50% for sheep (Indecon, 

2002:13). The beef sector was given a minor boost; however, the on-going effects 

o f BSE were felt. Overall, export values were found to be up from the previous year 

by about €63m in 2001 (Indecon, 2002:13). It is important to note that another 

outbreak could potentially prove more serious; estimates suggest that in the best- 

case scenario o f a worldwide 3-month export ban, the reduction in food exports 

would be equal to €0.9bn. If  non-EU markets imposed a longer 6-month ban, the 

overall cost would amount to €1.2bn (Indecon, 2002:16). See tables 2.6 and 2.7 

below.
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Table 2.6: Summary of Total Economy costs of FMD outbreak 2001 

Estimated gains (losses) € million

Agriculture 107

Tourism and other sectors (210)

Exchequer costs (107)

Total (210)

Total as a % of GDP -0.2 %

Source: Indecon (2002)

Table 2.7: Estimated Breakdown of Government expenditure in response to the 2001 outbreak 

I tem  E x p e n d i tu re

D A FR D  Expenses €16 .Om

Direct Compensation o f  Farmers €  10.1m

D A FR D  S taff  costs € 1 8.3m

Tourism Advertising € 6 .3m

Garda Overtime €49 .5m

Total €100.3m

Source: Indecon (2002)

O ’Toole, Matthews and Mulvey (2002) in their study o f the outbreak calculated that 

arising from the outbreak the overall economic consequences expressed as 

percentage changes in each o f the variables identified were an increase o f 2.7% in 

agricultural prices and a reduction in manufacturing and service sector prices o f 

between 0.1% and 0.4% (Matthews and O ’Toole, 2001:4). The overall cost was 

estimated as the change in the real value o f public and private consumption (adjusted 

to take account o f the fact that government expenditure arising from the outbreak

73



does not increase social welfare). This was found to be 0.16% in terms of lost 

consumption (see table 2.8 below); however it must be recognised that the cost of a 

future outbreak could potentially be much higher. Results in the table are 

disaggregated into the expected impacts of the agricultural shocks (changes in price 

and requirements for additional animal feed), the fall in international tourism, the 

increase in government expenditure and the economic impact of the replacement tax 

which ensures that government savings remain unaffected by the 2001 FMD crisis.

The economic impact was relatively modest last time due to the speed and 

effectiveness of the control strategy put in place, and the situation in the UK. 

Nevertheless, significant damage was caused to particular sectors and there was the 

potential for much higher costs.

Table 2.8: Economic Consequences of  FMD outbreak, percentage changes

Economy % Real Output %

Agricultural prices 2.68
M anufactured  Prices -0.13
Service Prices -0.37
G D P  deflator -0.14
Real D evaluation 0.21
CPI -0.12
N om inal G N P  -0.32

E m ploym ent -0.24

Labour
A verage T ax  0.11
W age  Rate -0.61

Labour Income -0.85

Agricultural
M anufactures
Services
Imports

Real Consumption
Investment
H ousehold
Exports

G overnm ent
Real Public and Private
Consum ption

0.00
-0.04
- 0.22
-0.35

-0.50
-0.31
-0.36

1 .12
-0.16

Source: O ’Toole, Matthews and Mulvey (2002)

The EU ban on exports imposed in 2001 was limited to Co. Louth and after thirty 

days, trade restrictions were lifted except for the 10km zone around the outbreak and 

on the 19”’ of September FMD free status was confirmed by the OIE. Overall, the
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quantity o f agricultural output was little affected and the price increases received 

actually served as a reward. However, this boost for exporters merely 

counterbalanced the loss to the tourist industry. Before the outbreak in Britain, 

Ireland was exporting about 15,000 cattle a week to EU outlets, with the UK taking 

about half. Afterwards, increased demand from the UK helped to lift the 

commercial Irish kill to over 20,000 head per week for a time. Holland also 

demanded more Irish imports due to the EU ban on Argentinean exports. France, 

Italy and Spain were slower to come back as was Germany. As a consequence of 

the UK outbreak, a large volume o f beef and sheep meat was removed from the 

market and this resulted in strong prices and created extra demand for imports, 

v/hich was readily captured by Ireland. The strong value o f  sterling against the IR£ 

(euro) also helped to sustain Irish cattle prices. Apart from beef sales to Russia, 

there was an almost complete collapse o f the trade in beef and live cattle to third 

countries. With the exception o f the UK, the beef trade within the EU became fully 

re-nationalised and product from Ireland was almost excluded from most markets.

Even before the FMD crisis, non-EU outlets for Irish beef had been drastically

reduced because o f BSE lockouts. FMD then hit the fragile recovery in beef

consumption; its arrival postponed the re-opening o f the Egyptian market and also

saw the closure o f Russia as a market. The U.S. in particular was able to take

advantage o f the situation in Europe; enjoying an 8% increase in meat exports that

year. This was at least partially induced by FMD in the EU (USDA, 2002). With

EU pork and beef banned in many countries during parts o f 2001, the U.S. was able

to increase its share in many world pork markets, most notably Japan. U.S poultry

meat also substituted for banned EU pork on the Russian market but they also

imported increased amounts o f EU boneless beef. EU meat exports resumed
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towards the end o f  2001 and lower U.S. exports in 2002 were at least partially the 

result o f the EU regaining some o f its pork markets, especially Russia. The 

reopening o f traditional markets can also be seen in the 10% increase in Danish 

exports to Japan in 2002; total live animal exports rose sharply, leading to a recovery 

in EU beef exports to 500,000 tonnes in 2002 and to 740,000 tonnes in 2003-2004 

(Teagasc, 2004). The 2001 outbreak was unique from the Irish perspective however, 

in that inroads were made into markets in the UK and to a lesser extent Holland.

Recent outbreaks o f FMD and BSE serve as a reminder o f the vulnerability o f  the 

EU farm sector to unforeseen events. Many lessons have been learned since 2001. 

Member States are novv' required to have improved contingency plans in place for 

use in the event o f another FMD outbreak. The economic costs o f  a potential future 

outbreak could well prove much higher and it is therefore important that an animal 

health strategy be put in place that minimises the likelihood and extent o f future 

outbreaks. The application o f harmonised animal health controls at borders and 

within the newly expanded 25 member EU will do much to prevent the entry or 

spread o f FMD within the EU at any rate. Co-operation is crucial across countries in 

fighting a transboundary disease such as FMD.

The overall objective for Ireland is to prevent the re-introduction o f the disease. In 

the event o f an outbreak however, the key objective would be to minimise its overall 

economic damage. For Agriculture the most important specific goal is to re-gain 

OIE freedom without vaccination status as soon as possible (this will be explained 

with in more detail in the next chapter). Prompt eradication o f the disease is also 

important for other sectors, most especially tourism and other rural based
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enterprises. The quicker the disease is eradicated, the smaller the direct and indirect 

costs and damage done to the economy in general (one would assume).

2.9 Conclusion

FMD is a highly contagious livestock disease with significant repercussions for 

livestock producers particularly in terms o f productivity and trade effects, with many 

other sectors also being negatively affected by an outbreak. The disease has the 

ability to spread rapidly and survive under a variety o f conditions and its control and 

eradication is hindered by the many ways in which it can be spread. It is o f huge 

importance that movement restrictions and controls be put in place as soon as 

possible in the event o f an outbreak, indeed the delay in implementing these during 

the 2001 UK outbreak was found to double the overall cost o f the outbreak there. 

The total cost was estimated to be about £3.1 billion to the agriculture and the food 

chain (including costs compensated by the exchequer) and a further £2.7 to £3.2 

billion to businesses directly affected by tourist expenditures (Department for Food, 

Environment and Rural Affairs and the Department for Culture, Media and Sport). 

The effects o f an outbreak o f that scale on the Irish economy and the subsequent 

closure o f markets would be devastating. The role which emergency vaccination 

can play in an Irish context, in controlling an outbreak, alone or in conjunction with 

culling therefore needs to be assessed on economic grounds.

The change in the emphasis placed on emergency vaccination as a disease control 

measure has been assisted by amendments to the OIE rules in May 2002, on the time 

required to regain FMD free status after the use o f vaccination. Ireland can be
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thought o f as fairly unique, given its reliance on agricultural export trade. Any 

decision to employ emergency vaccination, as part o f a future control strategy would 

have to take account o f the impact such a campaign would have on the trading 

environment. One o f  the key factors which influences the eventual size o f any FMD 

epidemic is the time from introduction o f infection to the initial detection o f disease. 

Any delay in detection will give an opportunity for disease to spread, perhaps quite 

widely, making control very difficult by stretching the immediate resources 

available to control it. As in 2001, the basic disease control policy in the event o f a 

future outbreak would be the slaughter o f susceptible animals on infected premises 

and those identified as dangerous contacts. This is the requirement o f  the new EU 

FMD Directive adopted at Agricultural Council on 29 September 2003. The attitude 

to the use o f emergency vaccination in the event o f an outbreak is changing 

however, and the role, which it can play in an Irish context, in controlling an 

outbreak, alone or in conjunction with culling, will be assessed further in chapter 

five.

The European Court o f Auditors report on the 2001 European outbreak found that 

Member States were not adequately prepared for an outbreak and that the 

Commission had not revised its response strategy in light o f changes in risk factors 

and that some prevention and control arrangements were not corrected in time. 

Member States are therefore now required to update contingency plans, to undertake 

a cost-benefit analysis o f alternative control strategies and to clarify the financial 

framework as applied to epidemics o f animal disease. The findings o f this report 

have proven useful for this study, as issues o f preparedness and indeed 

compensation are important in any cost-effectiveness analysis. The possibility o f 

the re-introduction o f FMD into Ireland is o f  great concern to not alone all those
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involved in the livestock industry but to the whole nation. In the event o f future 

outbreak, the decision to be taken on the appropriate control/ eradication measures to 

be put in place would not be an easy one, but is one that would have to be taken and 

implemented quickly to ensure minimum long-term damage. The potential 

economic impact o f a future outbreak is difficult to quantify, however a prompt 

control response policy is the most important defence against potentially 

catastrophic spread.
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CH A PTER S

LITERATURE REVIEW

3.1 Introduction

There is a growing literature in the area o f animal health economics and 

transboundary animal diseases, with much written within a cost-benefit framework 

on the control o f FMD. Most o f the earlier evaluations focussed on the use o f 

routine^^ (annual) vaccination (e.g.. Power and Harris, 1973; Krystynak and 

Charlebois, 1987; Erb, 1988; Berentsen, Dijkhuizen and Oskam, 1992). More recent 

publications have focussed their attention on the use o f emergency ring vaccination, 

in line with the current debate on its potential use in the event o f future outbreak 

(Mahul and Durand, 2001 (France); James and Rushton, 2002; Tomassen et al, 2002 

(The Netherlands); Schoenbaum and Disney, 2003 (U.S.A); Risk Solutions, 2005 

(U.K.)). The integration o f CGE modelling into the analysis has also added a new 

dimension; two recently published ex-post studies on the Scottish outbreak have 

added greatly in this regard and these will also be assessed (McDonald, Roberts and 

Kay, 2003; The Fraser o f Allander Institute, 2003). This research also contains a 

CGE component but differs from previous work in that it is the first to make use of 

CGE analysis in an ex-ante context. A critical analysis o f the models used during 

the 2001 outbreak in the UK; the Imperial Model, the Cambridge-Edinburgh model

R outine vaccin ation  has been ruled out in the current c lim ate  g iv en  its im p lica tion s for trade and 
the desire  for the country to m ain ‘F M D  free ’ .
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and the InterSpread model is also given. An account o f the two principal economic 

studies on the actual costs associated with the 2001 Irish outbreak, were reviewed in 

the previous chapter (O ’Toole, Matthews and Mulvey, 2001; Indecon, 2001).

This chapter gives a general overview o f the main papers, dividing them into these 

three strands; the traditional; the more recent examining the use o f emergency 

vaccination in the event o f an outbreak and, finally, those studies integrating a 

computable general equilibrium (CGE) model in to the analysis.

In a recent review o f the economics o f FMD and its control. Perry and Randolph 

(2003) highlight the wide variability in how such analyses are conducted, 

particularly with respect to predicting the interaction between control efforts and 

FMD outbreaks over time and the degree to which indirect impacts o f the disease are 

effectively incorporated into the analysis. Sophisticated epidemiological simulation 

models and elaborate econometric models have been integrated into cost 

comparisons or CBA to evaluate control measures in the face o f FMD outbreaks 

(McCauley et al., 1979 (USA); Krystynak and Charlebois, 1987 (Canada); Garner 

and Lack, 1995 (Australia); Mahul and Durand, 2000 (France); Berentsen et al., 

1992 (Netherlands); Power and Harris 1973, DEFRA/DCMS, 2002 (UK)).

The published literature indicates that in countries where FMD eradication with 

stamping-out o f outbreaks is feasible (without the use o f routine vaccination), as is 

the case in Europe, this is the lowest-cost policy, even taking into account the risk of 

relatively frequent re-introduction o f infection (Power and Harris, 1973; McCauley 

et al, 1979; Krystnak and Charlebois; 1987). The costs o f routine vaccination would 

generally be much higher for such countries and would not eliminate the risk o f
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outbreaks. The implications for trade were found to be larger too, when vaccination 

was used. In countries where eradication is not feasible, vaccination o f  high- 

producing livestock is clearly economically beneficial. The costs o f allowing the 

disease to become endemic without vaccination would be even higher. The findings 

o f Berentsen et al. (1992) in a study o f the Netherlands, (the first o f the studies to 

contain a large economic component), were in tune with the earlier literature; 

deeming the use o f routine vaccination inefficient when compared to the stamping- 

out o f IPs and DCPs: however, the reaction o f trading partners’ to the particular 

control strategy chosen, was difficult to assess, they acknowledged. Simulated FMD 

outbreaks in Australia and France also favoured stamping-out; however they 

demonstrated that the strategy o f stamping-out and movement control alone (as laid 

down in 85/511/EEC) is almost never the economically optimal strategy. Extension 

o f this strategy with culling o f dangerous contact herds generally reduces the 

epidemiological and economic consequences (Garner and Lack, 1995; Mahul and 

Durand, 2000).

As regards emergency vaccination, James and Rushton are o f  the opinion that the 

impact or otherwise o f its use is unpredictable, because by the time it becomes 

apparent that it would have been justified, it is likely to be too late to use this 

method o f control (James and Rushton, 2002:614). The overall consensus on its use 

in the published literature is that it is uneconomic when compared to stamping-out 

alone although it may be effective if  used early (Garner and Lack, 1995; Mahul and 

Durand, 2000). Tomassen et al, (2002) in a study for the Netherlands found that 

regional variation was important in assessing the most suitable control option and 

that animal density was important, finding that; ring-vaccination was the most 

economically optimal strategy for densely populated areas and ring-culling for
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sparsely populated areas. Bos et al. (2001), in a study for the same country found 

that when comparing vaccination with culling and vaccination without culling, the 

former was the more cost-effective.

The Risk Solutions report for Defra, in the UK, found that vaccination decreased the 

size and extent o f medium-large outbreaks, although at an additional cost to all but 

the largest o f outbreaks. This would be the general consensus o f  the literature -  the 

real question then is; how big is this additional cost? If time out o f markets and the 

subsequent losses incurred outweigh the benefits o f employing emergency 

vaccination in the first place, its use should be examined more closely. The 

difficulty here is that time out o f markets and trading partners’ reactions are in 

reality difficult to gauge. The extent to which the 2001 outbreak got out o f hand in 

the UK, as quickly as it did, serves as a valuable lesson as to the importance o f 

prompt action in the face o f an outbreak; the imposition o f movement controls and a 

comprehensive control strategy as quickly as possible should serve to lessen the 

(economic) impact o f the disease. There follows in section 3.3, a general overview 

o f the relevant literature, from which a general conclusion on the appropriateness of 

certain control strategies in an Irish context can perhaps be drawn.

3.2 Economics of FMD control

There has been increased application o f economic techniques to animal disease 

control at farm, national and international levels since the late 1960s, when the 

principles were first broadly outlined and ‘veterinary economics’ ( ‘animal health 

econom ics’) emerged as a specific area o f interest in veterinary medicine. It can be
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described as the discipHne that aims to provide a framework o f concepts, procedures 

and data to support the decision-making process in optimising animal health 

management. Morris (1969) and Ellis (1972) successfully introduced a simple but 

essential economic principle in making veterinary decisions. Disease control input 

should be increased to the level where the cost o f an additional input equals the 

return from the additional output (the so-called equi-marginal principle) (Dijkhuizen, 

1992:9). Economic assessments are integral parts o f many epidemiological 

investigations (Thrusfield, 2003:357). Justification o f government spending for 

disease control and compensation and the implications for trade o f a disease 

outbreak has further increased the importance o f an economics component. The 

public good nature o f disease control (as already mentioned in chapter two) can 

again be thought o f here. There is a case for public sector involvement in the control 

o f a disease like FMD. Economic theory applied to the delivery o f veterinary- 

related commodities and services recognises ‘externalities’ and ‘moral hazards’ 

which suggest that there is a need for the public service to deliver some commodities 

and services. For example, public sector involvement in the control o f FMD can be 

justified, even though it has private good characteristics (for the individual farmer); 

there are also implications o f a public good nature (with knock-on implications for 

the country in terms o f export trade etc.). This can be seen as being particularly 

important in a European context, where an epidemic in one country may have 

negative implications in terms o f trade for other M ember States. Given the inherent 

constraints on livestock production and trade worldwide, there are indeed grounds 

then for the control o f FMD (and other transboundary animal diseases) to be widely 

recognised as a public good (de Haan et al., 1991).
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Increasingly, epidemiological studies o f disease control contain an economic 

component. The majority o f studies that have been undertaken in the past have been 

concerned with the financial assessment o f animal health problems, and especially 

with applications o f cost-benefit analysis (Thrusfield, 1986:200). The costs and 

benefits o f disease control campaigns can be assessed using several methods, 

including gross margin analysis, partial budgets (Asby et al., 1975) and social cost- 

benefit analysis (Pearce, 1971; Mishan, 1976; Sugden and Williams, 1978). The 

technique that has been applied widely to animal disease control evaluation is social 

cost-benefit analysis (Thrusfield, 1986:202). If it is necessary only to compare the 

effectiveness o f two alternative control strategies, without fully assessing benefits 

and costs, then a cost-effective study is undertaken.

3.2.1 Cost-effectiveness analysis of disease control^’

CBA attempts to quantify the social advantages and disadvantages o f  a policy in 

terms o f a common monetary unit. It is a well-known and commonly accepted 

technique o f economic analysis in animal health. As the control and eradication of 

FMD is clearly beneficial for Ireland, the relative costs o f alternative control 

strategies only need be examined here in a cost-effectiveness framework. The 

relative costs o f the alternative control strategies have to be identified and measured. 

Direct costs o f control measures are relatively easily identified and can be equated 

with resource costs incurred by farmers and relevant public authorities. 

Consequential costs, secondary in nature but not in importance are more difficult to

In th is th esis, the fo cu s is on the eva lu ation  o f  the a lternatives o f  a vaccin ation  and n on -vacc in ation  
p o licy . It is understood that m o v em en t restrictions and precautionary m easures are put in p lace  in the  
ev en t o f  an outbreak and th ese  have been outlined  in so m e  detail in sec tio n  2 .8 . There is certain ly  
m erit for further study in this regard.
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28identify and measure since they concern society as a whole. A further difficulty 

associated with consequential costs (benefits) is the ‘transfer problem’; the 

possibility o f inadvertently double counting certain effects; a loss (gain) in one 

sector is not a loss (gain) to society as a whole if  offset by a gain (loss) in another

• 29sector (multiplier effects for agriculture, tourism and retail). Also some o f the 

costs cannot be quantified, at least in monetary terms. Benefits would include 

increased trade and the psychological well being accompanying the decreased 

disease incidence.

Disease control campaigns incur a cost, it is important therefore to assess before they 

are instituted both the costs arising from the disease itself and the cost associated 

with its control. It is the possible to weigh the cost o f the control campaign against 

the benefits (e.g. increased production) that would accrue from control o f the disease 

in order to determine the economic viability o f the campaign. Clearly, if  the control 

campaign costs more than the losses due to the disease then the campaign is not 

economically viable.

There are four potential cost elements in an FMD eradication programme:

The Direct costs o f FMD eradication are relatively easily quantified as they can be 

equated with certain resource expenditures incurred by producers o f livestock and by 

relevant government authorities.

Indeed many consequential costs are by their nature non-measurable and can on ly  be discussed  
qualitatively.

8 6



(i) Eradication costs include cost o f slaughter, compensation for 

destroyed animals and materials, cleaning and disinfection (C and 

D) o f infected premises, and quarantine enforcement.

(ii) Production losses arise from lost production in depopulated 

premises and industries linked to the livestock sector. Although 

FMD has a very high mortality rate among young animals, it 

usually only reduces milk and beef production in older animals. 

Physical losses arising from stamping out and depopulation are 

included.

Indirect or consequential costs are more difficult to identify and measure since 

they theoretically extend to all sectors o f the economy:

(Hi) Trade restrictions: Revenue foregone as a result o f denied access 

to markets. Access to markets (if any) may be restricted to lower 

price markets (the international beef market is segmented into 

FMD-free and FMD endemic markets with the price difference 

between the two segments for meat o f similar quality being as 

high as 50%).

(iv) Knock-on effects fo r  the non-agricultural sector: e.g. downstream 

effects for tourism and other sectors as a result o f movement 

restrictions etc. should prove important. Tourism was the big 

loser during the 2001 outbreak.
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Control and eradication costs will depend primarily on the scale and duration o f the 

outbreak. Expected losses are defined as the probability o f an outbreak multiplied 

by the estimated cost. Estimating the probability o f an occurrence is difficult; 

however the rapid spread o f a pandemic strain o f FMD in 2001 clearly demonstrates 

the ability o f  the virus to infiltrate a wide geographical area. Factors crucial in 

determining the magnitude o f the economic impact include; trading partner 

reactions, rate o f disease spread, containment, eradication and multiplier effects.

In this research, the cost effectiveness o f employing emergency vaccination as an 

adjunct to the basic culling strategy in the event o f an outbreak for a number o f 

simulated outbreaks Irish outbreaks is assessed using an epidemiological module to 

simulate the disease dynamics, and an economic module to convert outbreak and 

control effects into estimates o f both direct and indirect costs and export losses. The 

following sections give an overview o f the main body o f literature in the area.

3.3 Traditional literature

As already mentioned much o f the earlier literature focussed on the use o f routine 

vaccination. In the aftermath o f the 1967-68 British epidemic Power and Harris 

(1973) carried out a basic cost-benefit analysis whose results were highly sensitive 

to assumptions. The benefits o f both slaughter and routine vaccination were 

assessed as the estimated losses if the disease became endemic. Measurable benefits 

were estimated as costs, which would be incurred in an endemic disease situation. 

The main economic effects were found to be most linked with negative physical 

production effects (no account is taken o f export losses). Direct costs were
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considered higher with vaccination; however, consequential costs were expected to 

fall as primary and secondary outbreaks fell by 50% and 90% respectively. On the 

whole, the study found that the traditional slaughter policy was favoured if  no 

account was taken o f unquantifiable benefits (James and Rushton, 2002:639). 

However, the costs associated with a vaccination policy were much closer to that of 

the slaughter policy in terms o f the true cost to society when non-quantifiable effects 

were taken in to account.

M iller (1979) was the first to put forward the use o f the state-transition approach in 

assessing FMD control (this methodology will be further outlined in chapter 4). 

This was the first time that a dynamic method o f economic analysis was used to 

estimate the economic impact o f animal disease in terms o f consumer prices for 

animal products. Previous studies had either used a static method o f economic 

analysis or had not addressed the economic impact on consumers at all. McCauley 

et al. in the same year used the methodology for a study for the U.S.A. In the 

model, the population is considered in terms o f possible ‘states’ that individuals 

could be in, e.g., susceptible to the disease, infected with the disease, immune after 

recovery from the disease or after vaccination, or dead (destocked) as a result o f the 

disease. During any time period an individual may remain in that state or move to 

another state (a ‘transition’) depending on various probabilities. The economic costs 

o f  an outbreak in the U.S. were estimated over a period o f 15 years with four control 

strategies taken into account:

(1) A preventive policy o f restricting imports o f  animals and animal

products;

(2) A stamping-out policy;
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(3) An area vaccination programme aimed at achieving eradication, and;

(4) An endemic situation with two alternatives, compulsory vaccination and

voluntary vaccination.

The economic losses were estimated with an econometric model of the U.S livestock 

industry. The model calculated the losses borne by consumers due to reduced 

supply caused either by production losses or depopulation under the stamping-out 

policy. The main conclusions were that if the disease were introduced into the U.S. 

and became endemic with only voluntary control (the benchmark policy); the 

discounted present value of losses over a 15 year period was estimated to be almost 

$12 billion (at 1979 prices). In terms of control, the stamping-out policy was the 

preferred option, and would be within the limits of economic feasibility even if 1% 

of the national heard was slaughtered in the eradication effort; yielding a benefit-cost 

ration of 19.7 to 1 (Ekboir, 1999:119).

Johnson (1982) estimated the economic consequences for Australia of eight 

hypothetical outbreaks assuming different percentages of the national herd were 

affected (up to 25%) and different durations of export limitations (up to 10 years). A 

control policy without the use of routine vaccination was again found to be 

preferable; the difference between capitalised benefits and costs is found to diminish 

as the scenarios become more serious and exports are affected for a longer period.

The main criticism attached to this earlier work is that it is only indicative of the 

consequences of outbreaks and is less useful for comparing alternative preventative 

and control strategies with none neither calculating welfare effects nor building a
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methodology to handle short-term price reductions (Berentsen et al., 1992:218). 

More recent literature has attempted to fill this void.

Krystynak and Charlebois undertook a Canadian study in 1987 using Agriculture 

Canada’s Food and Agriculture Regional Model (FARM), an econometric model to 

estimate the economic impact o f trade embargoes in place as a result o f an outbreak. 

Two scenarios, a small and large outbreak, were simulated over a five-year period; 

losses were assumed to arise exclusively from trade disruptions caused by import 

bans imposed by importing countries (the epidemiology o f the disease is not 

modelled). The magnitude o f the economic impact would depend on the size o f the 

sector affected, the level o f imports and exports and linkages to various agricultural 

and other sectors o f the economy. The results indicate that even a small outbreak 

would see farm cash receipts decline by $2bn and that even a six-month extension o f 

the embargo period would result in increased losses to producers o f the magnitude o f 

$760m. It was found that any eradication programme which would perhaps increase 

the length o f an embargo period (such as using a vaccination programme) would not 

be economically justified as long as a strict slaughter policy is technically feasible. 

Also, the surplus on the domestic market in the aftermath o f an outbreak decreases 

in the short-term by a strong reduction in the demand for imports, however in the 

longer term there is an overall decrease in domestic meat production (Ekboir, 

1999:120).

Dijkhuizen built on the state-transition approach o f Miller (1979) for his 1989 study 

on the Netherlands, adding a disease control model to calculate direct losses. 

Berentsen et al. (1990 and 1992b) developed the economic methodology further, 

using an integrated approach to determine the economic consequences o f alternative
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strategies to prevent and control the disease for three regions in the country. The 

approach is again based on a state-transition epidemiological model that determines 

disease diffusion under preventative and control strategies and an economic model 

that evaluates the social cost o f each strategy. Three sub-models; an 

epidemiological model, a disease control model and an export model are used to 

calculate the changes in consumer and producer surplus, and the budgetary cost to 

the government.

The disease-control model calculated the direct losses for producers and government 

and the export model was used to calculate the indirect losses (effects o f export 

bans) for producers, consumers and government. The export model is product 

oriented i.e., the effects o f  export bans on producer and consumer income and on the 

government budget is calculated for each product separately. Three elements o f the 

export model are basic in calculating the effects o f export bans:

1. Reactions o f producers to temporary changes in prices

2. The way in which market price and quantity react in the short-term to 

changes in export markets.

3. Calculation o f economic effects o f changes in price and quantity (producer 

and consumer surplus).

The market structure for each product is explicitly modelled as is the expected 

reaction in importing countries (based on actual reactions during previous outbreaks 

in Western Europe). On the basis o f expectations for frequency o f primary 

outbreaks in the most optimistic, most likely and most pessimistic situation, the 

yearly costs per strategy are calculated.
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Finally, the integrating part was used to quantify the yearly national economic losses 

by combining direct and indirect financial losses taking in to account national 

economic losses as a result o f an outbreak, the costs o f yearly routine vaccination 

and the profitability o f selling products on a FMD-free market, given the price 

differential for same. Relevant input to be used in the economic models concerned 

the number o f secondary outbreaks that follow, the number o f weeks with the 

outbreak and the size o f the infected area (Berentsen et al, 1992).

Various scenarios are examined, including the use o f annual (routine) vaccination 

and in the case o f an outbreak, the subsequent slaughter and destruction on affected 

farms and serious contact farms. The final option o f employing ring vaccination in 

the case o f an outbreak is also examined (three weeks after the outbreak starts and 

within a radius o f 25km). The annual costs for both annual (routine) vaccination and 

stamping-out are compared. The study concludes that annual costs for the 

Netherlands would be reduced considerably if annual vaccination were stopped. 

This cost-benefit analysis was undertaken after the introduction o f the EU-wide ban 

on routine vaccination starting on the 1̂ ‘ January 1992 (routine vaccination was 

carried out in the Netherlands from 1953 to 1991).

The authors found that the highest number o f secondary outbreaks occurs, as 

expected, in a non-vaccinated population with the eradication o f infected herds as 

the only control strategy. However, the number o f outbreaks and the length o f time 

over which they occur can be considerably reduced by eradicating serious contact 

herds as well. It was thought at the time that public opinion would not favour this 

but it was the favoured strategy in 2001. Direct costs were very much dependent on 

the length and extent o f the outbreak as expected. Indirect costs were highest
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without routine vaccination, with large export losses, although it was difficult to 

assess how long markets would remain closed.

In the case of the optimal situation regarding the number of primary outbreaks (none 

in ten years) routine vaccination is far from profitable. In fact, they calculated that 

there would have to be four outbreaks every ten years to make the annual 

vaccination policy more attractive than the surveillance and slaughter policy (James 

and Rushton, 2002:639). Scenarios with pessimistic expectations about the 

frequency of primary outbreaks made yearly vaccination the most profitable option. 

Sensitivity analysis carried out for the most likely situation (two outbreaks in ten 

years with vaccination and one without) indicated that a below average herd density 

reduces yearly costs, whereas higher farm density increases them. In both cases, 

strategies without yearly vaccination remain favourable. The expected frequency of 

outbreaks is a crucial variable. Adding losses due to export bans to direct costs 

shifts outbreak costs and yearly costs but does not change the ranking of strategies 

(Dijkhuizen, 1989:9). However, uncertainty exists with respect to reactions of non- 

EC trading partners to outbreaks.

A similar approach was used by Garner and Lack (1995) for an evaluation of 

alternative control strategies for three regions of Australia with economic effects 

calculated for producers, consumers and government; this is examined in the next 

section.
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3.4 Examining the use of Emergency Vaccination

More recent literature moves the focus from routine to emergency vaccination, either 

instead of or as an adjunct to the current slaughter policy. For a country exporting 

animal products, as Ireland, such a policy would considerably extend the duration of 

restrictions on exports, unless the vaccinated animals were subsequently slaughtered 

(this would be the most likely outcome). However, in theory, such a policy may be 

justified if there was a threat of an epidemic and vaccination helped to bring this 

under control.

Garner and Lack (1995) used an epidemiological model to generate outbreak 

scenarios based on overseas experience and expert opinion as to how FMD is likely 

to behave in three regions of Australia; based on a representative cross-section of 

livestock production systems. The model used is again a state-transition model 

developed from a Markov chain, differing from others (Miller, 1979; Dijkhuizen, 

1989; Berentsen et all, 1992) in that it is stochastic, achieved by using Monte-Carlo 

methods. Chance is widely recognised as extremely important in the establishment 

and spread of the disease, particularly when the number of infected individuals in the 

population is low (James and Rossiter, 1989) as occurs at the start of an exotic 

disease incursion. Outputs from the model in the form of estimates of duration of 

epidemics, number of herds affected, number of stock destroyed and number of 

stock subjected to movement restrictions were used as inputs to the economic model, 

an I/O model which converted outbreak effects on farming and processing 

operations and subsequent effects of control programmes into estimates of total 

economic impacts. The four control strategies considered were:
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(1) Stamping-out o f infected herds only (SO)

(2) Stamping-out o f infected and dangerous contact herds (SODC)

(3) Stamping-out o f infected herds plus early ring vaccination (SOEV)

(4) Stamping-out o f infected herds plus late ring vaccination (SOLV)

In looking at the merits o f alternate control options it was recognised that stamping- 

out is likely to remain the most likely method o f FMD control in the country (Gamer 

and Lack, 1995). Hence the emphasis was on complementary strategies for use with 

stamping-out to reduce the size o f the impacts e.g., rigid quarantine to control 

movement o f livestock, products, feeds, vehicles, equipment and people, prompt 

slaughter and disposal o f animals infected with or exposed to FMD on infected 

premises, intense surveillance o f suspect herds and cleaning and disinfection o f 

contaminated premises. Application o f quarantine and movement restrictions will 

slow the rate o f disease spread and in the model is simulated by a progressive 

reduction in the dissemination rate (DR).

Stamping-out (SO) was simulated by an infected to dead transition. Various 

probabilities that infected herds would be identified and removed at defined intervals 

after becoming infected are specified. For dangerous contact (DC) slaughter a latent 

to dead transition was used. This involves pre-emptively destocking herds that, 

although not showing symptoms, are considered to be at high risk o f developing the 

disease because o f proximity or potential contact with infected herds. Dangerous 

contact slaughter will remove herds ‘incubating’ the disease and thus reduce the 

number o f infected herds in subsequent weeks. When dangerous contact slaughter is 

applied, it is necessary to estimate the average number o f dangerous contacts per 

infected herd (this will fall as quarantine and movement restrictions take effect) and
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to estimate the probability o f removing incubating herds. The size and duration o f 

an FMD epidemic will depend on the delay until the disease is recognised, the type 

o f control strategy applied and the effectiveness o f animal health authorities in 

implementing the strategy (Gamer and Lack, 1995).

In the model, ring vaccination was simulated by a susceptible to immune transition, 

together with a proportional reduction in DR that reflects the local fall in the number 

o f susceptible herds. Two vaccination strategies were considered: early vaccination 

(when the epidemic has affected five herds) and late vaccination (when the epidemic 

has affected 50 herds). As the model is non-spatial, it was necessary to estimate the 

number o f  infected areas. A buffer width o f 10 km was used. The model, in 

simulating the course o f the epidemic, takes into account the delay until vaccination 

begins, the size o f the areas to be vaccinated and the efficiency o f vaccination 

operations. The epidemic will either die out spontaneously (as the number o f 

susceptible herds falls the probability o f the disease dying-out increases), or when all 

herds in the vaccination zones have been vaccinated. In the former case it is assumed 

that the control programme will continue until vaccination is completed.

The economic model uses the results o f the epidemiological model to estimate the 

direct economic impact on each region in the twelve-month period following the 

outbreak. Input-output analysis is used to determine the extent and nature o f indirect 

economic effects. The results while showing considerable regional variation in the 

size o f impacts, demonstrate the benefits o f continuing a slaughter policy. Slaughter 

o f dangerous contacts as well as infected herds reduced the economic impact and 

was found to be most effective under conditions where disease was likely to spread 

rapidly. Ring vaccination was found to be effective, particularly if  used early, in
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reducing the size and duration o f outbreaks. However it was found to be uneconomic 

when compared with stamping-out alone.

The size o f the simulated epidemics varied with region; Northern Victoria with 

higher livestock densities and a higher rate o f spread had the largest epidemic, 

followed by Northern New South Wales and the Midlands. The major determinant 

o f the difference between regions is the nature o f the regional economies. The less 

diversified the economy the greater the impact o f the outbreak in relation to the size 

o f that economy. SODC was found to be most effective (and would result in 

significantly shorter epidemics) under conditions where FMD is likely to spread 

rapidly and for all regions there were reductions in mean economic losses compared 

with SO alone. The earlier ring vaccination is used, the more effective it will be in 

slowing disease spread (Murray 1993). This is confirmed by this study, and from an 

epidemiological view it does appear to be a sound strategy (Gamer and Lack, 1995). 

However, although SOEV produced significant reductions in the size (and duration) 

o f epidemics compared with SO, it was associated with increases in economic 

losses, taking control costs and compensation into account. SOLV w’as uneconomic 

in comparison with SO, resulting in significantly higher economic impacts in all 

regions (and vaccinated stock worth 50% of the value o f normal healthy stock) 

(Garner and Lack, 1995:29).

Overall, the findings demonstrated the benefits o f continuing a slaughter policy in 

Australia and the importance o f regional factors in determining impacts. The 

importance o f trade cannot be overlooked either. Zoning was found to have 

considerable potential in recovering from an outbreak; in the absence o f export bans, 

the output losses, both direct and indirect, are quite modest. In summary, there
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remains uncertainty with regard to trading partners’ reactions to an outbreak and 

therefore the slaughter policy is seen to be the safest one to pursue.

Mahul and Durand (2000) extended the traditional state-transition model examining 

the efficient management of an epidemic through a simulation model, which again 

combined epidemiological and economic modules. The epidemiological module 

simulated the disease dynamics and the economic module highlighted the impact of 

international trade restrictions on livestock sectors and the whole economy through 

interactions with economic sectors. Optimal public control strategies were derived 

from the simulations (Mahul and Durand, 2000:23). The epidemiological model is 

based upon a deterministic state-transition model built from a Markov chain. The 

time step is half a week, with herds the unit of concern. The standard susceptible- 

infectious-resistant model (Isham, 1993) is extended to seven herd-level health 

states. The economic module assesses the reactions of supporting countries in terms 

of products subject to import bans and regionalisation commitments -  financial 

consequences borne by the breeding and other economic sectors on a regional and 

national level (through interaction among economic sectors). Their model differs 

from previous works in three aspects (Mahul and Durand, 2000);

1. The estimation of dissemination rates (DRs) is based upon a specific

simulation model. Using field data, DRs previously have been estimated by

the ratio of the number of new outbreaks discovered during a time period to

the number of new outbreaks discovered during the previous period (Miller,

1979). Such a method assumes that an outbreak discovered during one time

period will be eliminated at the end of this time period, and that the average

time between the contamination of a herd and its identification as an
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outbreak equals one time period. These assumptions are relevant for FMD if 

the selected time period is one week. However, the aim here was to address 

the question o f the silent development o f the epidemic before this date and a 

shorter time period was chosen (half a week). Consequently, a specific 

estimation method for the DRs based upon a discrete event simulation model 

was elaborated. With this discrete-event simulation model (Durand, 1996), 

each simulation starts with an initial situation where a primary outbreak 

occurs, and then evolves until the end o f the epidemic. As the disease is 

different in each species each was treated separately when calculating DRs. 

In the discrete-event simulation model, each initial situation is characterised 

by a set o f herds randomly distributed in a simulated geographical area, and 

o f a primary outbreak randomly chosen. Real data characterising French 

regions are used to set the values o f these parameters.

2. The development o f the epidemic before the declaration o f  the first outbreak 

is introduced, highlighting the time lag between the introduction o f the virus 

in the first herd and the detection o f the first clinical signs, which affect the 

spread o f the disease.

3. The silent infectious period, which precedes the discovery o f any outbreak, is 

taken into account, contributing to evaluating the impact on the spread o f the 

clinical examination o f all susceptible herds in the area where the epidemic 

occurs.

Health states are decomposed into two stages; susceptible and exposed in the control 

area and unexposed outside. Moving between the two states due to expansion o f
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control areas, the epidemic spreads. The period o f infection is sub-divided into three 

stages: incubation (exposure to infect others), invasion period (affected herd excretes 

virus and contaminate susceptible without signs) and clinical period (from signs to 

slaughter).

Therefore, herds are divided into seven health categories:

- Susceptible and non-exposed to contamination

- Susceptible and exposed to contamination through expansion o f control area

- Incubation stage

- Invasion period

- Clinical period

- Immune (vaccinated)

- Dead (slaughtered)
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Fig. 3.1: Pathways in the extended State-transition model
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SODC
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Source: M ahul and Durand, 2001

Moving from one state to another is characterised by probabilities o f transition. The 

key transition rate o f the epidemic model is the probability that a susceptible and 

exposed herd becomes infected (i.e., moves to the incubation stage). Because the 

disease is highly communicable, this probability is a function o f the disease 

prevalence and o f the periodical dissemination rate (DR) i.e., the average number o f 

herds to which the virus is delivered by one affected herd in one period. Creating a 

control area around the infected area is a defensive measure which contributes to
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reducing contamination o f susceptible herds. The expansion o f the control area 

implies susceptible and non-exposed herds become exposed to the virus (Mahul and 

Durand, 2000:25).

Direct costs are assessed using the epidemiological results generated by the 

implementation o f the various control strategies, while the indirect losses caused by 

international trade restrictions are also estimated. Import bans affect not only 

sectors which export these products but the economy as a whole through interaction 

between the economic sectors. The direct costs are divided into disease-control 

costs, compensation payments and costs due to movement restrictions. The 

evaluation o f costs caused by import bans is estimated using an I/O model. 

Berentsen et al (1992) defined an export model which is product oriented (i.e., the 

economic impact o f import bans is calculated for each product) but such analysis 

does not take into account the effects o f international trade restrictions on other 

economic sectors. Mahul and Durand developed a multisectoral analysis which 

contributes to measuring the interaction among all economic sectors within the 

French economy. The measure o f these linkages is obtained from the matrix of 

inter-industry flows in an ‘input-output m atrix’. This is used to assess the impact o f 

a change in exports o f a given sector on all sectors o f the economy (Mahul and 

Durand, 2000:26).

The size and the duration o f an epidemic depend on the control strategy 

implemented by the animal-health authorities and on its effectiveness. The two 

regions chosen were Brittany and Provence Alpes Cote d'Azur (PACA) and the
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control strategies examined were stamping out (SO), stamping-out o f dangerous 

contacts (SODC) and stamping out o f affected herds plus early vaccination (S0V2).

The economic impacts o f epidemics were reported in terms o f direct costs (including 

export losses) borne by the regional sectors and by the national ones. SODC was 

again found to be the preferred option in order to avoid large losses. If an outbreak 

were to occur in Brittany the epidemic was predicted to last eight weeks with 176 

herds infected if  SO strategy carried out. The duration is reduced by five weeks and 

the number o f herds affected decreases by 91 if  SODC strategy is undertaken instead 

(direct costs 13% less). The vaccination campaign is predicted to generate direct 

costs four times larger than those associated with SODC. In PACA the duration and 

number o f infected herds was found to be roughly the same under the three control 

strategies. Direct costs are lowest under SO strategy and more than twice as large 

under the S0V 2 programme.

In the basic scenario^*^ in Brittany, SODC was the least expensive with the predicted 

costs borne by the national economy 23% lower than if  the SO strategy is 

implemented and 48% lower than if S0V 2 applied. In PACA, the predicted national 

costs o f SODC were 3% less than SO, these increased by 16% if  vaccination was 

implemented. The OIE scenario^' generated changes in losses due to import bans. 

SODC was again predicted to be optimal for Brittany. In PACA predicted costs 

associated with SO and SODC were roughly identical. In comparison with the basic 

scenario, the OIE scenario predicted total costs borne by the French economy which

T h is w as based on French experts' conjectures, g iv en  international trade restrictions app lied  during  
the 1993 Italian and the 1994 G reek outbreaks. Z o n in g  is o n ly  accepted  by EU im porting countries  
(M ahul and Durand, 2 0 0 0 :3 0 ).

A m ore o p tim istic  scenario  w ith  im porting countries a ccep tin g  the O IE cod e  and the con cep t o f  
zo n in g  (M ahui and Durand, 2 0 0 0 :3 1 ).
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were 11 times lower in Brittany and 187 times lower in PACA if  the SODC strategy 

were applied.

Total costs caused by international trade restrictions depended upon the duration of 

the import bans after the eradication o f the disease. Again (as in Gamer and Lack, 

1995), it was found that the earlier an emergency vaccination campaign is 

undertaken, the more cost-effective it is. Postponing such a campaign generated 

additional predicted costs, which were mainly due to an increase in the duration o f 

the epidemic. The predicted cost due to an extra week o f import bans for the 

national economy increased if  the concept o f zoning was not applied and the set of 

products subject to import bans was large. S0V 2 may be optimal if  the reduction in 

the duration o f the epidemic due to the vaccination campaign were larger than the 

increase in the duration o f the import bans caused by the delay which is necessary to 

slaughter vaccinated animals. Mahul and Gohin (1999) considered a vaccination 

programme as an irreversible investment in a world where the uncertainty about the 

spread o f the disease is resolved over time. They showed that delaying the decision 

to vaccinate is optimal if  the gain from waiting for new information about the 

disease spread is larger than the cost o f waiting (Mahul and Durand, 2000:36).

In conclusion, the three important findings from the simulations are:

1. The strategy o f stamping-out infected herds and direct-contact herds almost

always reduces the economic consequences borne by regional or national

sectors. Implementing a campaign o f emergency vaccination might be

optimal if  animal health authorities were unable to control the epidemic

which spreads in a region with high livestock density (e.g., Brittany in this

case). In this situation, the costs o f implementing this strategy (mainly
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caused by additional export losses associated with the delay in slaughtering 

the vaccinated animals) might be offset by gains of reducing the duration of 

epidemics).

2. Even if OIE guidelines are applied by importing countries, the economic 

consequences resulting from international trade restrictions are larger than 

those due to livestock losses and the disruption of production and processing. 

The predicted cost of an extra week of import bans showed the importance of 

reducing the total duration of import bans of FMD epidemics.

3. The introduction of stochastic parameters in the epidemiological model did 

not alter the optimal control strategy. This was because the potential 

increase in the duration of the epidemic remained relatively low with respect 

to the total duration of import bans and especially with respect to the 

duration decided by the importing countries after the eradication of the 

disease to recover the status of FMD-free zone without vaccination.

Schoenbaum and Disney (2003) in their study of the U.S. again found that ring 

vaccination was generally more costly than control by slaughter alone. This 

simulation model was based on the previously designed stochastic state transition 

model (Gamer and Lack, 1995) and chance occurrences such as the spread of 

infection were simulated with Monte-Carlo methods to maintain a stochastic basis. 

Daily time steps were used. Each of the three geographic areas containing the 

simulated herds was circular and study populations were intended to represent 

typical U.S. animal demographics.
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Each simulated herd was assigned one “ state”  (i.e., health condition): susceptible, 

latent, contagious, naturally immune, vaccine immune, or dead. During the running 

o f the model, the herds shifted (made transitions) among these states. A latently 

infected herd was chosen that was located in the geographic centre o f the circle 

containing the other herds. The centre was chosen to provide susceptible herds in all 

directions for secondary spread o f FMD. Time periods o f transition states were 

modelled with triangular density functions, based on the studies o f  Garner and Lack 

(1995). The model does not distinguish herds by species therefore density 

distributions were chosen to represent an aggregate o f  both cattle and swine herds.

Three simultaneous spread mechanisms simulated direct contact, indirect contact 

and airborne, respectively. Spread o f infection by direct and indirect contact was 

based on simulated contact/movements among infected and susceptible herds. Two 

input parameters quantified the rates o f direct and indirect movement among herds. 

The direction o f the movements was random. The distances o f movements were 

based on two probability density charts (one for direct and the other for indirect). 

The most-recent exposures o f each susceptible herd to infected herds were tracked 

along with the time o f exposure. Probabilities (input parameters) determined 

whether or not disease transmission occurred from simulated contact among infected 

and susceptible herds. At the start o f the simulations, a single herd, geographically 

in the centre o f the county, was in the latent state for the infection. Two different 

levels o f infection spread (slow and fast) were simulated. The direct and indirect- 

contact rates o f 0.15, 1 per day (slow spread), and 0.4, 2 (fast spread) were described 

together as a single contact rate (Gamer and Lack, 1995).

Four slaughter and three vaccination strategies were simulated:
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So (the slaughter baseline) i.e., slaughter only contagious herds detected 

w ith clinical signs;

S i : So + direct contact herds (in 14 days prior to detection o f  infection);

S2 (ring slaughter) : So + slaughtering o f  herds w ithin 3km o f  the detected 

herd;

S3 : So + slaughter o f  both direct and indirect-contact herds;

Vo (the vaccination baseline) i.e., no vaccination;

V 2 (early v a c c in a tio n ): vaccination w ithin 1 0 km after 2  herds detected;

V 3 (late vaccination): vaccination w ithin 10km after 50 herds detected.

In deciding a control strategy, the authors found it is best to consider both the 

susceptible population and the rate o f  contact am ong herds, both being im portant 

factors in the length and cost o f  sim ulated outbreaks. The overall conclusions o f  the 

study w ere (Schoenbaum  and Disney, 2003:50):

The choice o f  best m itigation strategy depended on herd dem ographics and 

the rate o f  contact am ong herds.

Ring slaughter was consistently m ore costly than other slaughter strategies. 

The slaughter o f  in-contact herds (pre-em ptive slaughter) reduced costs o f  

controlling an FM D outbreak as com pared to slaughtering contagious herds 

alone.

Early ring vaccination decreased the duration o f  outbreaks.

R ing vaccination was generally m ore costly than controlling with slaughter 

alone.
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Ring vaccination was less costly  in fast-spread scenarios i f  vaccinated  

anim als were slaughtered without additional cost (marketed through normal 

terminal market channels).

Increases in vaccination-and-slaughter infrastructure (capacity) decreased  

duration and costs o f  sim ulated outbreaks.

Ring slaughter (at 3km ) resulted in m ore-costly  outcom es than the other slaughter 

strategies w hen studied across all situations. A lthough this strategy reduced the 

m edian length o f  outbreak from 59 to 58 days (compared to the baseline) the costs  

increased 1.02 to 2 .9  tim es. Based on cost therefore, it was not the preferred 

strategy. The higher costs were attributed to the higher number o f  herds slaughtered  

in the ring-slaughter scenarios. It w ould appear that this strategy rem oves many  

anim als that w ould not develop the disease. Slaughter o f  herds in direct and indirect 

contact (i.e ., full pre-em ptive slaughter) resulted in outbreaks o f  shorter duration. 

This appeared to increase governm ent cost in slow-spread scenarios. The overall 

conclusion  being that som e pre-em ptive slaughter is cost-effective; how ever, the 

selection  o f  herds appeared to be crucial to the cost savings o f  the strategy (those at 

highest risk o f  develop ing the disease must be targeted). Pre-em ptive slaughter was 

found to be more beneficial in fast versus slow-spread scenarios as in the Garner and 

Lack study (1995).

T w o slaughter strategies (S p  stamping out direct-contact herds and S 3 -  direct and 

indirect contact) significantly reduced the duration o f  outbreaks as compared to the 

baseline o f  slaughtering only affected herds. SODC seem ed to be the m ost 

beneficial in terms o f  controlling the infecfion. It resulted in less-costly  outbreaks o f  

shorter duration (overall alm ost 17% few er herds slaughtered and m edian cost
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reduced by 10-49% when compared to the baseline). The lower number o f herds 

slaughtered was attributed to identifying and removing incubating herds before they 

could become contagious and spread infection to other herds. In terms o f 

government cost and government cost plus net welfare change, adding ring slaughter 

(at 3km distance) significantly increased costs.

Ring-vaccination strategies lowered the duration o f outbreaks (median duration was 

lowered 2 days for early vaccination compared to baseline). The median costs or 

outbreaks were increased by vaccination; however, the variation o f  costs (from S"’ to 

95’'̂  percentile) was lowered. Adding the additional expense o f slaughtering 

vaccinated animals increased the median costs o f outbreaks when vaccination was 

used. Early ring vaccination (at 10km, after two positive herds) decreased the 

duration o f outbreaks and lower government cost plus net welfare change in the fast 

spread scenario only. Costs were higher in slow-spread scenarios.

Overall, stamping-out o f  herds in direct contact with those diagnosed with the 

disease was found to result in less-costly outbreaks o f shorter duration and w'as 

found to be the most beneficial o f all control strategies in the event o f an outbreak. 

Ring slaughter (at 3km) was however found to be more-costly and the authors could 

not recommend its use as this strategy appeared to remove many more animals from 

the market than would actually have developed the disease. The conclusion overall 

being that some pre-emptive slaughter is cost-effective; however the selection o f 

herds appeared to be crucial to cost savings (Schoenbaum and Disney, 2003:49). 

Ring vaccination was thought not to be cost effective except under specific 

circumstances, i.e., fast-spread rate and the ability to slaughter vaccinated animals at 

low cost (Schoenbaum and Disney, 2003:50).
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Bos, van Leeuwen, and de Vlieger, (2001) in a study of the Netherlands in the 

aftermath of the 2001 outbreak looked at the costs of vaccination with culling 

scenario and costs without culling. Costs for agri-business were found to be larger 

for vaccination without culling, with a longer period with export bans having a large 

influence on prices (despite there being no expenditure on culling and destruction). 

Also fewer ‘other expenses’ were found and losses for tourism and the recreational 

sector were also found to be smaller.

In terms of export bans; with the ‘vaccination without culling scenario’ these lasted 

three times as long as with the ‘vaccination with culling scenario.’ The economic 

loss in terms of sales and income lost was also found to be around seven times 

higher with the former. Also, as long as the ban lasts, relatively more will be offered 

on the domestic market, resulting in more price drops by which profit and value 

added drop considerably. Economic losses associated with the ‘vaccination with 

culling’ scenario are the result of volume effects while those associated with 

‘vaccination without culling’ mostly caused by price effects.

Tomassen et a i, (2002) designed a decision-tree to optimise control measures during 

the early stage of a foot-and-mouth disease epidemic in the Netherlands with the 

objective of minimising direct costs and export losses under several scenarios based 

on livestock and herd density in the outbreak region, the possibility of airborne 

spread and the time between first infection and first detection. The epidemiological 

model is again based on the deterministic susceptible-infected-recovered approach. 

The effect of four control strategies on disease dynamics was modelled. In addition 

to the standard control strategy of stamping-out and culling of high-risk contact



herds (SO), strategies involving ring culling within 1km of an infected herd (R C l), 

ring-vaccination within 1km o f an infected herd (R V l) and ring-vaccination within 

3km (RV3) o f an infected herd were assessed. All four strategies include movement 

control. An economic model converted outbreak and control effects o f farming and 

processing operations into estimates o f direct costs and export losses.

The authors found that animal density within the outbreak region is an important 

determinant in deciding on the optimal control strategy. There is a considerable 

regional variation in the size o f the impacts. Ring-vaccination was found to be the 

economically optimal control strategy for densely populated livestock areas (this 

reduces the number o f infected herds and the duration o f the epidemic compared to 

other strategies) whereas ring culling is the economically optimal control strategy 

for sparsely populated areas. The duration o f the epidemic was one o f the most 

important parameters which determined the economic impact o f an epidemic (as in 

Mahul and Durand, 2000). In densely populated areas culling and rendering 

capacity was the limiting factor causing delays in culling and extension o f the 

epidemic, therefore ring vaccination is the optimal strategy in these areas because it 

reduces the number o f infected farms and likewise the duration o f the epidemic.

Risk Solutions carried out a cost analysis for Defra in the UK in 2005 with the 

objective o f providing epidemiological and economic information on the impact o f a 

number o f broad control strategies that could be adopted in the event o f  a future 

outbreak to inform decisions as to the most appropriate control strategy to regain

32
‘C ost a n a ly s is ’ rather ‘C ost-b en efit a n a ly s is’ i.e ., the total co st o f  im p lem en tin g  each  strategy for a 

range o f  outbreak scen arios is com pared on e  against the other. There is no ‘do n o th in g ’ option , but 
the co n tig u o u s cu ll and vaccin ation  strategies represent additional efforts over  and a b o v e  the basic  
cull so  it is p o ss ib le  to com pare the increm ental e p id em io lo g ica l b enefits from  th ese  strateg ies against 
the increm ental c o sts  (R isk  S o lu tio n s, 2 0 0 5 :ii) .
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“FMD-free status without (routine) vaccination” under a range o f  defined 

circumstances (www.defra.co.uk).

The CBA covered the costs and impacts o f outbreaks (and the subsequent response) 

in England, Scotland and Wales and examined four broad control strategies:

a) Culling o f infected premises and epidemiologically linked holdings 

(dangerous contacts)

b) Strategy a plus contiguous cull

c) Strategy a plus vaccination to live cattle only

d) Strategy a plus vaccination to live cattle and sheep.

Overall, the report suggests that vaccination reduces the size and extent o f medium 

and large outbreaks - although at an additional financial cost in all but the largest 

outbreak. The report does not, however, propose a unique single strategy for dealing 

with a future outbreak. The policy decision to introduce vaccination would be in 

addition to the basic IP DC cull strategy, so vaccination provides incremental 

benefits in exchange for incremental costs. The extra direct and consequential costs 

associated with vaccination therefore need to be balanced against the extra disease 

control benefits achieved. It only slightly reduces the number o f IPs for the smaller

outbreaks (only measurable at the QS”* percentile level) but has a more significant

impact for larger outbreaks (reductions o f between approximately 15% and 50%).
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Another benefit from the use o f  vaccination was found to be a reduction in the 

duration o f  an outbreak. However there may be a possible slight increase in the 

number o f  animals culled for welfare purposes. A lso there is an increase in the 

duration o f  the outbreak i f  measured from the date o f  the first reported IP to the date 

that official disease free status is regained. The study identified five main 

parameters that are particularly important in choosing one strategy over the other:

K ey P aram eters C ircum stances  that favour  the “ IP 
DC cull on ly” strategy  
C ircu m stan ces  that favour  the “ IP 
DC cull.

C ircu m stan ces  that favour the “ IP 
D C  cull plus 10km cattle  
vacc inat ion” strategy.

Incursion locations If  the cattle and sheep density  in the 
area surrounding the initial incursion 
is low to moderate then an IP DC cull 
only strategy is more likely to be 
sufficient to m anage the ou tbreak  at 
lowest cost.

I f  the cattle and  sheep density  in the 
area  surrounding the initial incursion 
is high then cattle vaccination 
becom es  more cost beneficial.

Virus
characteristics

L ow  virus infectivity suggests that an 
IP DC cull only strategy is sufficient,  
for exam ple  w here the virus has a 
short w indow  o f  infectivity before 
clinical signs becom e apparent and/or 
does not readily form w indborne  virus 
plumes.

If  the virus exhibits  high infectivity 
characteristics then vaccination is 
m ore  likely to be cost beneficial, for 
exam ple  w here the virus has a long 
w in do w  o f  infectivity before clinical 
signs becom e apparent com bined with 
a tendency  to form w indborne virus 
plumes.

Regionalisation  o f  
econom ic  im pacts

I f  disruption to the meat export trade 
occurs on a national basis, regardless 
o f  the actual size and geographical 
spread o f  the outbreak, then a  strategy 
based on vaccination causes extra 
costs due to the increased time to 
restore disease free status. 
C onsequently  the IP DC cull only 
strategy is more likely to be cost 
beneficial.

I f  foreign tourists continu ing  to travel 
to the U K  but simply  avoid the areas 
o f  the countryside d irectly  affected by 
the outbreak then an IP DC cull only 
strategy is more likely to be cost 
beneficial.

I f  animal welfare p roblem s only  occur 
inside restricted areas (not nationally) 
then an IP DC cull only strategy is 
more likely to be cost beneficial.

I f  disruption to the m eat export trade 
is limited to the regions directly 
affected by the outbreak only then the 
large cost associated with the extended 
t im e to restore disease free status 
under  a vaccination policy can be 
substantia lly  reduced. C onsequently  
the vaccination  policy is more likely 
to be cost beneficial.

I f  foreign tourists delay  or cancel their 
visits to the U K  as a w hole  rather than 
s im ply  avoiding the areas o f  the 
countryside  directly  affected by the 
ou tbreak  then vaccination is more 
likely to be cost beneficial because it 
reduces the duration o f  the “active” 
outbreak.

I f  anim al welfare  p roblem s occur on a 
national basis (i.e. dependent on the 
duration  o f  the ou tbreak rather than its 
size) then vaccination is more likely to 
be cost beneficial because it reduces 
the duration o f  the “active” outbreak.
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V et a n d  cu ll te am  
re s o u rc e
m o b ilisa tio n  (cu ll 
d e lay s)

I f  the 24h / 48h target tim es for the 
cu lling  o f  IPs and D C Ps can be 
ach ieved , especially  in early  stages o f  
the ou tbreak , then  an IP DC cull only 
stra tegy  is m ore likely to be suffic ien t 
to m anage the ou tb reak  at low est cost.

I f  it is not poss ib le  to  ach ieve the 24h / 
48h  target tim es for the cu lling  o f  IPs 
and D C Ps, especia lly  in early  stages o f  
the ou tb reak , then  a vaccination  
stra tegy  m ay help  to  com pensate  and 
is therefo re  m ore likely  to be cost 
beneficial.

D ire c t-c o n ta c t
tr a c in g
e ffec tiv en ess

I f  the success rate for trac ing  tru ly  
infected dangerous con tracts is no 
w orse than  w as achieved tow ards the 
end o f  the 2001 ou tbreak  then an IP 
D C cull only  stra tegy  is m ore likely to 
be sufficient.

I f  tru ly  infected  dangerous contracts 
are  traced  less effec tive ly  than w as 
ach ieved  tow ards the end o f  the 2001 
ou tb reak  then  a vaccination  strategy  
m ay help  to com pensate  and is 
therefo re  m ore likely to be cost 
beneficial.

S o u rc e ; R isk  S o lu tio n s , 2005

The cost o f  future outbreak was predicted to be unlikely to be as high as 2001 as the 

duration o f  the outbreak was predicted to be less due to a number o f  factors, not least 

the revised contingency plan in place and overall improved disease awareness and 

preparedness.

Rich and Winter-Nelson (2006) also using an integrated epidem iological-econom ic 

model to capture the dynamic and spatial effects o f  an FMD outbreak in the 

Southern Cone o f  South America. It extends previous work that has either used 

static or short-run analyses (Garner and Lack, 1995; Ekboir, 1999), discounted the 

impact o f  one period over time (Berentsen, Dijkhuizen, and Oskam, 1992) or 

ignored spatial interactions. The epidemiological component used is an extension o f  

the work o f  Mahul and Durand (2000) who did take account o f  spatial spread within

•J T

a region. This analysis augments this, allowing for inter-regional spread (Rich and 

W inter-Nelson, 2006:5). Overall, the results demonstrate the benefits o f  spatially

T ransition  probab ilities from  susceptib le  to incubation  are m odified  to  reflec t th e  im port o f  the 
v irus from  ano ther region p robab ility  o f  a herd becom ing  infected  in th e  m odel is a function  o f  the 
sum  o f  the d issem ination  rates o f  d isease w ith in  the h e rd ’s reg ion  and the d issem ina tion  rates from  
o ther reg ions into the h e rd ’s region. T he d issem ination  rates betw een  reg ions are  based  on trade 
flow s, w ith a stochastic  elem ent. W ith in-reg ion  d issem ination  rates are based  on spread  patterns from  
prev ious ou tb reaks and also have a stochastic  e lem ent. (R ushton and M aunter, 1954).
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sensitive policies in which certain regions employ different, co-ordinated 

interventions. Also, they highlight the policy relevant differences between the 

dominant short-run and long-run control options. They show that in this case a 

spatially differentiated policy that combines vaccination in Paraguay with stamping 

out elsewhere generates the highest net revenues to the agricultural sector and is the 

best control option as it produces a relatively short outbreak and is less costly than 

uniform stamping out (Rich and Winter-Nelson, 2006:2).

In the analysis, the epidemiological model simulates an outbreak in Paraguay and its 

consequent spread to other countries. The treatment o f space allows for both the 

intra- and inter-regional spread o f the disease through discrete leaps relating to trade 

and animal movements. Output from the epidemiological model forms inputs into a 

multi-market model that tracks changes in production, prices, and other variables 

over space and time. Exogenous costs such as vaccination and eradication costs are 

also taken into account to determine the net impact o f the outbreak across regions 

with distinct characteristics under differing control strategies. The model simulates 

adjustments over a five-year period to capture the impact o f changing access to 

export markets on breeding and investment decisions and on the agricultural 

economy at large (Rich and Winter-Nelson, 2006).

Ten regions were specified in the epidemiological model, including eight in 

Argentina plus Uruguay and Paraguay. Six control strategy scenarios were run with 

the model:

Stamping-out (SO) o f all animals in the ‘clinical’ state and all those

susceptible.
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Vaccination (VAC) o f all susceptible animals (and culling all ‘clinical’) 

Preventive Vaccination (PREV) - prophylactic vaccination once an outbreak 

is diagnosed anywhere in the Southern Cone (SC).

SO-VAC'. SO in Paraguay with vaccination in the rest o f the SC.

SO-PREV: SO in Paraguay with preventive vaccination in the rest o f the SC. 

VAC-SO: Vaccination in Paraguay with SO in the rest o f the SC.

From these simulations, the average length o f outbreak, the number o f animals 

culled and vaccinated formed inputs into the economic model -  a multi-market 

model employing mixed complementary programming (MCP) as a solution 

technique to handle trade flows across regions (Rutherford, 1995) (Rich and Winter- 

Nelson, 2006:8).

Six economic sectors are included: cattle, beef, pork, lamb, corn, and soybeans as 

are cattle inventories. Within the beef sector, cuts o f meat are differentiated by 

quality to allow for a better representation o f the impact o f FMD on export revenues 

(with high-quality cuts mainly traded internationally and lower-quality consumed 

domestically). The model is solved recursively over a five-year time horizon, with 

changes to animal inventories, population, and per capita income driving the process 

for each period (Day and Cigno, 1978). Export prices and market access also change 

over time as a function o f FMD status. Space is incorporated by modeling trade 

flows among regions (Rich and Winter-Nelson, 2006: 8).

The results conclude that given an outbreak o f the scale simulated in the

epidemiological model, vaccinating in Paraguay and stamping out elsewhere (VAC-

SO) yields the highest net aggregate revenue (the annual value o f domestic and
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exported beef minus control costs discounted over the five year time frame). A 

uniform stamping out policy yields nearly the same net revenue ($21,368 billion 

versus $21,369 billion). By contrast, strategies that rely primarily on vaccination 

yield about 2 percent less revenue compared to stamping out strategies. The 

dominance o f stamping out given a five-year time horizon contrasts sharply with the 

short-term results. In the outbreak year, stamping out imposes high costs due to 

culling and low revenues due to reduced exports to even FMD endemic markets. 

Thus, in the outbreak year, net aggregate revenues for the beef sector are greatest 

when preventive vaccination is implemented. This strategy maintains higher 

inventory levels in the Southern Cone, and while it also drives exports out o f the 

highest value markets, that loss o f access would arise in the short run under any 

policy scenario. Moreover, under preventative vaccination, the decline in prices and 

exports for Uruguay is much smaller relative to stamping out policies, which drives 

the higher aggregate benefits o f a preventative vaccination strategy. The combined 

policy o f stamping out in Paraguay and preventative vaccination elsewhere yields 

essentially the same short-run benefits as uniform preventative vaccination, and in 

the short run both o f these strategies dominate approaches based primarily on 

stamping out (Rich and Winter-Nelson, 2006:17).

It should be noted that the benefits o f vaccination are exaggerated in the short-run as 

the more prompt re-opening o f high-value export markets afforded by stamping-out 

is ignored. A comparison o f the short-run and long-run results highlights the 

importance o f capturing dynamics in a model o f disease control. At least two 

significant results emerge through the spatial aspects o f the model. First, although 

the stamping out strategies (SO, VAC-SO) yield similar outcomes, the combined 

VAC-SO approach is superior to all others and could not be implemented in a model
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that did not consider muhiple, interacting regions. Furthermore, the results reveal 

that the dominant strategy for specific regions within the Southern Cone is not 

uniform in either the short or long-term (Rich and Winter Nelson, 2006:18).

Overall, the authors conclude that stamping-out policies had the largest net present 

value over a five-year period. However, such policies would be identified as inferior 

to vaccination in a short-run framework. Multi-period analyses that focused on the 

epidemiological progression of FMD but failed to capture dynamic economic 

behavior would thus misrepresent costs and benefits over time (Rich and Winter- 

Nelson, 2006:22).

3.5 Models used in 2001

The FMD epidemic in the UK in 2001 was the first situation in which models were 

developed in the ‘heat’ of an epidemic and used to guide control policy -  this came 

about in an ad hoc way, and was not part of the pre-arranged contingency plan. A 

key tactical decision made with the strong support of models was the introduction of 

the contiguous culling policy. Evidence from later analyses, by one of the groups 

which produced the model which was the basis for this decision (the Imperial 

College group), and other analyses of the field data, suggest that the contiguous 

culling policy may not have been necessary to control the epidemic, as was 

suggested by the models produced within the first month of the epidemic (Taylor, 

2003:2). If this is indeed the case then it must be concluded that the models 

supporting this decision were inherently invalid and/or used in an inappropriate way. 

This conclusion was also implied by Kao (2002), who questioned the value of
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making such detailed quantitative predictions for alternative policies. Green and 

Medley (2002) also suggested that the use o f models to provide specific tactical 

advice early in the epidemic was not an ideal use o f modelling (Taylor, 2003:3).

It is suggested that incorrect assumptions used in building the models were 

responsible for the recommendation that contiguous culling was necessary to stop 

the epidemic (Taylor, 2003:3). The beneficial effect o f employing local culling was 

most likely exaggerated by using parameters which described disease spread as 

being predominantly over a very short distance. The Imperial College (Ferguson et 

al.) and Cambridge/Edinburgh (Keeling et al.) models were parameterised in such a 

way that favoured the use o f contiguous pre-emptive culling -  however field data 

was subsequently found to deficient and the contingency plan inadequate (Taylor, 

2003). A stochastic model predicts a range o f possible ‘futures’, reflecting the 

unpredictability o f real life and must be used with care as a decision support tool to 

explore some o f the issues involved, but the criteria on which the decision will be 

based will include other issues not addressed by the model (Taylor, 2003:6). Models 

therefore should be seen only to provide a priori supporting guidelines (Taylor, 

2003). The ability to predict the course o f an epidemic, by whatever means, also 

depends on the extent to which random chance plays a role in the disease 

epidemiology (Taylor, 2003:32).

The InterSpread model (Morris et al.) was also used during the epidemic to monitor

unfolding events. This was first developed by Sanson and others (1994) as part o f

the EpiMAN decision support system for New Zealand. It comprises a combination

o f databases, expert systems, various simulation models and statistical analyses to

monitor the state o f an epidemic (Taylor, 2003). It is more a framework within
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which a model can be specified, rather than an actual model in itself; relying heavily 

on expert opinion for it parameterisation. Some o f the mechanisms used to reflect 

the epidemic process were ignored in favour o f simpler parameterisation (Keeling, 

2005).

Two features were absent from the three models used during 2001, despite their 

inclusion in other research; namely, within-farm dynamics (Woolhouse et al. 1996) 

and economics (Gamer and Lack, 1995; Mahul and Durand, 2000). All three 

models treated the farm as a single unit, such that all animals became infected en 

masse instead o f first examining spread within the herd. However, predicting such 

dynamics is complicated by lack o f knowledge o f infection at this level o f detail and 

therefore, treating the farm as a single infectious unit is as reliable as attempting to 

simulate within-farm spread (Keeling, 2005:1200). Keeling also acknowledged that 

an economic component must be incorporated into future models.

Kao (2002) in his review o f the different modelling approaches and techniques used 

in 2002 concluded that there were three established roles for modelling:

To assist in the development and evaluation o f disease control policies;

To infer the value o f parameters or behaviour (by fitting models to field 

data) that cannot be evaluated experimentally; to provide short-term 

prediction -  e.g., immediate effects o f changing policy, but warns “no 

simulation, no matter how complicated, is ju s t like real life. ”

To conclude, the models used in 2001 were found to be inaccurate as they were

fitted to reproduce the actual progress o f the disease, with the levels o f  pre-emptive
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culling as it really occurred, but misrepresented the effect o f taking this away 

(Taylor, 2003:62). The dates on which farms were infected and the location o f the 

source farm were not available for most IPs and often the nearest previous IP was 

assumed to be the most likely source o f infection; therefore it is not surprising that 

the Imperial and Cambridge/Edinburgh models found pre-emptive culling to be an 

efficient method o f control. InterSpread (although not parameterised correctly 

either) was set up with infectivity starting on or just before clinical signs appeared 

and varying according to the stage o f the disease predicted that control o f the 

epidemic was less dependent on high levels o f local pre-emptive culling (Taylor, 

2003:66). Since 2001 a range o f new models and formulations have been 

postulated, many based on the previous SIR paradigm with greater detail and are 

generally being used to determine the optimal response to an outbreak (Tomassen et 

al., 2002; Schoenbaum and Disney, 2003) and others allowing for spatial-temporal 

simulations (Keeling, 2003:1200). All three models used in 2001 have continued to 

be substantially refined and any future epidemics o f FMD (or other livestock 

diseases) in the UK or elsewhere will probably witness the use o f a variety o f 

models to help better inform policy decisions (Keeling, 2005:1200). Models have 

an important role to play in defining policy before any cases occur, as once an 

epidemic starts there is insufficient time to experiment with control measures given 

the rapid spread o f FMD between farms (Keeling, 2005:1201).

3.6 CGE component

Given the importance o f an economic component in assessing the suitability o f 

alternative control strategies recent studies have made use o f computable general
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equilibrium (CGE) models to examine the knock-on effects of an outbreak on the 

entire economy.

In the McDonald, Roberts and Kay (2002) report on the economy-wide effects of the 

outbreak in Scotland, the focus was on the distributional aspects i.e. the relative 

burden of the outbreak on agriculture and tourism and the extent to which the impact 

spread to other sectors of the economy (the influence on factor markets and the 

impact on different household groups). As with all CGE studies, the effects of the 

outbreak can be thought of in terms of various different shocks to the economy -  

some directly impacting upon the agriculture sector (e.g., export ban, livestock cull 

and agricultural compensation payments), others directly impacting tourism (e.g., 

loss of visitors from overseas and domestic tourists to the countryside).

A CGE model was adopted for the analysis as the impacts of the outbreak spread 

beyond the farm sector, partly as a result of inter-sectoral and inter-regional linkages 

in the (Scottish) economy, partly as a result of the control mechanisms and policies 

used to contain the spread of the disease. This in addition to the potential wider 

macroeconomic implications suggested a general equilibrium approach was 

appropriate (McDonald, Roberts and Kay, 2002:4). The impact of the outbreak was 

thought of as a series of shocks to the economy. Three sets of shocks were 

identified in the study: firstly those directly affecting the agriculture sector; secondly 

those affecting tourism; and thirdly those associated with government policies to 

control and compensate farmers. These will each be dealt with in turn:
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(1) Shocks to the agricuhure sector

(i) The ban o f  exports markets and restrictions on animal movements was modelled 

by reducing the level o f live exports from the initial level to zero. In this case the 

export ban and movement restrictions could also have reduced the exports o f  live 

animals to the rest o f the UK since stock may have been retained on farms or sent 

for slaughter in Scotland, this was simulated by reducing live exports to the rest of 

the UK by 50%. The impact on meat products was modelled by an exogenously 

imposed shift in the export demand curve; the constant (intercept) for the export 

demand curve is reduced by 40%, which approximates the share o f meat exports 

exported outside the UK. The downward sloping demand curve allows for the 

possible diversion o f meat exports to the rest o f the UK market, but the elasticity o f 

export demand is set high so that the penalty function, in terms o f export price 

reductions, limited the extent o f such export expansion (McDonald, Roberts and 

Kay, 2002:7).

(ii) Cull o f  livestock was simulated as two related effects upon agriculture. Firstly, 

the cull reduced the shares o f farm sector outputs and secondly, it reduced the 

productivity o f agriculture, both through the reductions in the breeding herds and 

flocks and the impracticality o f  switching production patterns in the short term. The 

first effect was captured by altering the base level composition o f output through the 

commodity value shares by farm type as defined in the rows o f the “make” matrix of 

the Scottish SAM. The values o f outputs o f cloven-hoofed animals are reduced 

proportionate to the estimated reductions in the livestock numbers for each farm 

type. The second effect was simulated by recalibrating the productivity parameters 

in the production functions o f the affected farm types so as to replicate the impact of
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the cull upon the total output; hence this effect is captured by an implicit assumption 

that the efficiency o f the affected farm types declined (McDonald, Roberts and Kay, 

2002:7).

2) Shock to Scottish tourism

(i) Fall in visitors from  overseas and the rest o f  the UK - compared to the UK as a 

whole, Scotland relies disproportionately on visits from UK based residents. The 

fall in visitors from the rest o f the UK and the rest o f the world were modelled as 

(exogenous) changes in demand for the goods and services purchased by each type 

o f tourist. There was also a fall in domestic tourism and rural leisure trips; this was 

simulated by reducing household expenditure shares on tourism by an equivalent 

amount. Other studies found that money ‘saved’ from reduced domestic tourism  and 

leisure trips to the countiyside was spent instead on other goods and services. This 

was simulated by assuming that there was an increase in expenditure on other goods 

and services proportionate to that observed in the base year with sensitivity analysis 

carried out to test the implications o f this assumption (McDonald, Roberts and Kay, 

2002:7).

3) Government policies

(i) Disposal costs -  including the costs o f disease detection, carrying out the cull

o f infected and suspected animals and the welfare cull, the disposal o f carcasses, 

disinfection o f infected premises, administration costs etc. However, not all these 

costs are additional in the sense that they represent the redeployment o f  resources 

from one task to another. In this context, it was assumed that there was an increase
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in government demand for activities falling within the transport and other services 

sectors o f the model. This demand was funded from outside the Scottish budget, as 

simulated by an exogenous injection into the government’s income account 

(McDonald, Roberts and Kay, 2002:8).

(ii) Compensation p a id  to farm ers affected by the cull - /he other main public 

exchequer cost associated with the outbreak. The model used here does not include 

a facility for direct lump sum transfers to the production sector accounts. 

Consequently, the compensation payments paid by the government to farmers were 

simulated by approximately equivalent reductions in the indirect/production tax rates 

paid by different farm types. Only the compensation relating to the loss o f animals 

due for market are entered as shocks to the system on the assumption that the 

compensation for loss o f breeding livestock was accrued by the capital account and 

was used only to replace lost stock. Although the costs o f compensation will be met 

from a combination o f EU and UK treasury funds, the cost o f compensation is 

modelled as being paid for by Scottish households in the form o f an increase in 

income tax rates in the current period. Whilst hypothetical, this is a standard type 

application o f CGE models and provides some indication o f the cost o f  the outbreak 

to the taxpaying public (McDonald, Roberts and Kay, 2002:8).

The authors found that the effects o f the outbreak on the Scottish macro-economy 

were negligible (McDonald, Roberts and Kay, 2002:13)^'*. Both compensation to

Earlier estim ates o f  the impact o f  the outbreak at the UK level suggested falls in GDP in the order 
o f  0.2%  o f  GDP (Oxford Econom ic Forecasting and National Institute o f  Econom ic and Social 
Research) to 1.1% o f  UK GDP (Centre for Econom ic and B usiness Research). Subsequent studies 
have found evidence o f  sw itches in dom estic household consum ption patters, tourism displacem ent 
and a much faster recovery in the tourism sector than originally expected. These aspects have all 
been accom m odated in the Scottish analysis (M cD onald, Roberts and Kay, 2002:8)
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farmers and household expenditure switching served to dampen the negative effects 

on GDP such that overall, the estimated total impact was only 0.001% o f GDP 

(minimum). When more extreme assumptions are made (i.e., less flexible 

behaviour o f producers and consumers) GDP was estimated to fall by 0.8% 

(maximum impact).

Although small in aggregate terms, the results suggested substantial differences in 

the sectoral impact o f the outbreak -  mixed farms were most negatively affected, 

dairy farms benefited most. Also the hotel and catering sector experienced a fall in 

the price o f value added and meat processors an increase. With regard to 

households; those in the highest income quintile were most adversely affected 

(McDonald, Roberts and Kay, 2002:13).

It was acknowledged that the model ignored some important intra-sectoral 

differences e.g., those farmers who were directly affected by the outbreak and thus 

received compensation generally fared better than those who did not; this is 

overlooked by the model. Neither does the model account for the spatial distribution 

o f effects nor the evaluation o f non-market costs including, environmental and social 

costs (McDonald, Roberts and Kay, 2002:13).

In terms o f tourism, it is mooted that the ban on all visitors to certain parts may have

been excessive however it is acknowledged that the switch in consumer spend away

from tourism actually helped to dissipate the negative impacts o f the outbreak on

GDP (McDonald, Roberts and Kay, 2002:14). This (forced) switch in consumer

expenditure, to other (higher value-added) goods and services compensated, in part
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for the negative impact caused by the agricuUure shock. It is underHned however, 

that in aggregate terms, the macro-economic impact would have been very small 

regardless o f whether or not effects on tourism had been avoided. The reduction in 

tourism demand did have an obvious negative effect on a portion o f rural businesses. 

Also, the extent to which consumers’ re-allocated expenditure is unclear and the 

negative welfare effect associated with the reduction in consumer choice should not 

be ignored either (McDonald, Roberts and Kay, 2002:14).

The authors conclude that given the changing face o f  rural economies and their 

increasing reliance on tourism and recreation demand there is a strong case for a re- 

evaluation o f the costs o f benefits o f alternative control strategies, including 

vaccination.

Another report was commissioned by the Impact Assessment Group and undertaken 

by the Fraser o f  Allander Institute, University o f  Strathclyde, the Macaulay Land 

Use Research Institute and the Arkleton Centre for Rural Development Research, 

University o f Aberdeen (2003). Its specific objectives were to assess the economic 

impact on different sectors, regions and urban/rural areas and o f various control 

measures. Therefore the following was taken in to account (Fraser o f Allander 

Institute, 2003:9):

(i) The direct impact on agriculture o f the export ban, animal movement 

restrictions, livestock cull and compensation payments.

(ii) The direct impact on tourism due to the fall in visitors from overseas and the 

rest o f the UK and the reductions in domestic tourism and rural leisure trips.
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(iii) The net economic costs and impacts o f  carcass disposal and control measures 

such as compensation and welfare payments, marketing and advertising.

(iv) The indirect economic effects -  including substitution and displacement -  

elsewhere in the economy through product market, labour market, inter

sectoral and inter-regional linkages o f  the direct price and output changes in 

agriculture and tourism.

(v) The direct and indirect spatial impacts, particularly between urban and rural 

areas.

(vi) The overall net economic impact in the Scottish economy on GDP, 

household income, prices, employment, exports and imports and trade 

balance.

(vii) The social and welfare effects, including income distributional impacts.

Direct (exogenous) shocks associated with FMD

In addition to modelling the imposition o f an export ban and the implications o f 

culling as modelled in the previous study; the latter was further explored by 

explicitly modelling for both breeding and trading animals. The imposition of 

movement restrictions was also examined. The shocks are outlined in detail below:

(1) Agriculture -  Four broad exogenous shocks

(i) Export ban -  modelled as before.

(ii) Production implications o f  the cull and compensation payments made fo r

trading animals -  this reduction in supply has a positive impact on prices. It

implies that without compensation, farms suffering the cull would experience 

a reduction in income, but others would gain. The impact o f compensation is
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modelled as an exogenous demand injection. Essentially, the government is 

treated as acting as the consumer for culled trading animals instead o f private 

meat processing firms and final demand categories. This therefore accounts 

for the production cost o f the traded animals which did not reach market. 

Both the supply restriction and demand shocks apply for only one period: 

that is, only operates in 2001 (Fraser o f Allander Institute, 2003:24).

(Hi) Movement restrictions (estimating costs o f  the movement ban by farm  type) -  

Four types o f cost are identified as being associated with the movement ban 

(Fraser o f Allander Institute, 2003:29):

(i) Retention costs, which include additional feed costs during the 

longer than normal period o f retention

(ii) Price penalty  from retaining fattened animals beyond their 

optimal sale date.

(iii) Capacity costs, which reflect the additional feed costs resulting 

from shifting stock densities/patterns away from the optimum.

(iv) Production inefficiencies, which reflect the lower fattening 

capability which arises during the longer period o f retention o f 

store animals.

(iv) Production implications o f  the cull and compensation payments made fo r  

breeding animals -  such animals are treated as elements o f  the capital stock 

o f the relevant sectors. The effect o f the cull on breeding animals is to 

reduce the productive capacity, and therefore subsequently output, in the 

infected farms. It is assumed that all farms are restocked from uninfected

130



regions, generating demand for the output o f the livestock sector (Fraser o f 

Allander Institute, 2003).

(2) Tourism -  the aggregate impact o f the adjustment to tourist demand (in 

Scotland) generated by FMD (all demand-side in nature).

(i) Rest o f  the World (ROW) tourism

00 Rest o f  the UK tourism

(Hi) Domestic tourism

(iv) Daytrips

(V) Displaced consumption expenditure (money not spent on tourism was

spent elsewhere).

The structure o f tourism demand within the country for each category is given. For 

the final element; the displacement o f household expenditure: there are two similar, 

but distinct, possible mechanisms. The first is the substitution o f  some types o f 

(Scottish) holiday or daytrip destinations for others. The second is the displacement 

o f previous tourist and daytrip expenditure by domestic consumers by other forms o f 

consumer expenditure. Here, displaced expenditure is simply identified, it is not 

attempted to calculate any location substitution (Fraser o f Allander Institute, 

2003:33).

In calculating the impacts o f each o f the tourist-related changes in demand, two 

aspects are important. These are:

(i) The absolute size o f  the demand shock
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To make the ROW tourism central estimate, the absolute fall in ROW tourist 

expenditure between 2000 and 2001 was first identified (from the International 

Passenger Survey 2001 (IPS)). It was then assumed that 50% of this real (1999 

prices) fall in ROW tourism expenditure was due to FMD. For sensitivity analysis, 

a low or high figure where either 40% or 60% o f the fall is said to be due to the 

outbreak is given. For RUK and domestic tourism the VisitScotland data on 

expenditure by different types o f tourists was used. The central estimate here 

assumed that 60% o f the fall was due to FMD, with a low and high range o f 50% 

and 70%.^^ There is a lack o f annual data on the size o f expenditure for Daytrips; 

therefore, the shock was estimated using the best o f the available information, using 

two methods. Firstly, evidence from MORI Leisure SuiA^ey Data (2002) suggested 

that daytrips expenditure fell by 7% in Scotland due to the outbreak. Secondly, it 

was assumed that the decline in daytrip expenditure due to the disease, as compared 

to the initial daytrip total expenditure, was equal to the corresponding impact on 

Scottish tourist expenditure in Scotland. Domestic tourist expenditure was estimated 

to have experienced a 10.6% decline as a result o f FMD. These two estimates were 

used to provide the high and low bounds, with a central estimate o f the decline in 

daytrips expenditure being taken as 9% (Fraser o f  Allander Institute, 2003:34).

(ii) The distribution o f  the expenditure across different commodities - displaced 

consumption was calculated using data from VisitScotland. The basic rationale was 

that consumption not spent by households on domestic or day tourism would be 

spent elsewhere in the economy in the pattern o f typical, non-tourism, domestic 

household expenditure. While, in principle, this should be a positive shock to 

household consumption equal to the reduced value o f domestic tourist and daytrip

A larger Mow’ figure w as ch o sen  w h en  lo ok in g  at R O W , taking in to account that Sept 11*  
reduced A m erican  foreign  tourism  (Fraser o f  A lland er Institute, 2 0 0 3 :3 4 ).
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expenditure, indications are that there was some substitution o f  increased tourism 

expenditure o v e r s e a s . T h e  total positive shock to households was therefore the 

reduced daytrips expenditure plus the reduced domestic tourist expenditure minus 

the expenditure lost to overseas, giving a central estimate. The high and low  

estimates o f  this shock were taken from summing the high and low domestic and 

daytrips shocks and subtracting the lost to overseas figure in each case (Fraser o f  

Allander Institute, 2003:35).

A qualitative summary o f  the nature o f  exogenous changes used in the study is given 

in the following table:

T ype o f Effect Exogenous M odel C hange T im e
period

Sectors

Agriculture
Export ban Reduced ROW export demand I Meat Processing
Cull o f  trading animals Reduced output to market I All agricultural farm- 

type sectors
Com pensation for 
trading animals

Increased exogenous governm ent 
demand

1 All agricultural farm- 
type sectors

M ovement ban Reduced productive efficiency 1 All agricultural farm- 
type sectors

Cull o f  breeding animals Reduced capital efficiency 2-5 All agricultural farm- 
type sectors

Restocking o f  breeding 
animals

Increased exogenous investment 
demand

2-5 All agricultural farm- 
type sectors

Tourism
Reduced tourist 
expenditure

Reduced ROW, RUK and domestic 
consumptions demand

I All sectors

Displaced consumption 
expenditure

Increased exogenous consumption 
demand

1 All sectors

(Source: Fraser o f  A llander  Institute, 2003:21)

As in the previous study, the authors stress the importance o f  taking into account the 

displacement o f  household expenditure when assessing the impact o f  the outbreak

Data are given in the IPS (2001) for visitors’ expenditure abroad by Scottish residents 2000 - 2002, 
quarterly. For both the second and third quarter o f  2001 a counterfactual o f  total expenditure was 
calculated based on the average expenditure in the corresponding quarter in 2000 and 2002. The 
actual expenditure was com pared to this counterfactual. It was therefore estim ated that a combined 
total o f  £49.5m was not spent by households in Scotland but was a leakage to overseas destinations 
(the difference between the actual and the estimated counterfactual being greater in the second 
quarter relative to the third) (Fraser o f  Allander Institute, 2003:35).
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i.e., money not spent on domestic tourism and daytrips was spent elsewhere. The 

overall finding o f the study was that GDP was reduced by between 0.02% and 

0.05%, (i.e., between £13.6m and £29.8m), a more significant but still relatively 

small figure than that o f the last analysis. The effects on employment are also found 

to be small when measured in proportionate terms (Fraser o f Allander Institute, 

2003:5).

As a result o f shocks to agriculture, the rural infected regions are, unsurprisingly, 

found to be worst affected; with compensation payments only adding positively to 

GDP. Uninfected areas are found to benefit from the cull o f breeding animals in 

infected areas due to increased demand for their livestock (as found by M cDonald et 

al.).

In terms o f effects for tourism; a very small increase in GDP is reported (0.03%): 

comprising a relatively large reduction in GDP in the uninfected rural area which is 

set against a relatively large increase in GDP in urban areas (Fraser o f  Allander 

Institute, 2003:5). Overall, the largest negative effect comes from the decrease in 

domestic tourism (accompanied by a large positive impact on other household 

expenditure) (Fraser o f Allander Institute, 2003:5). A small fall in employment is 

also found (0.03%).

The overall findings o f the two CGE studies were broadly similar, i.e., effects on 

GDP were found to be relatively small and in general losses experienced in one 

sector were counterbalanced by gains in another. This research will use a similar 

framework in chapter 6 to evaluate ex-ante the effects o f an outbreak (and its chosen 

control strategies) for a number o f hypothetical Irish outbreaks.
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3.7 Conclusion

The overall conclusion in terms o f the general literature is that stamping-out is the 

preferred option o f control in most cases. As the implications for trade are often 

difficult to assess in reality, it can be seen as the ‘safe’ option. Gamer and Lack 

(1992) found this to be the case and underlined the importance o f regional factors in 

determining the impact o f an outbreak and its subsequent strategies o f control. 

Mahul and Durand (2000), extending their approach, again favoured stamping-out, 

in order to avoid large losses. Herd demographics and the rate o f contact among 

herds were found to be significant. Pre-emptive slaughter was found to be less 

costly than the slaughter o f infected herds alone with ring-vaccination, generally 

found to be more costly again. Emergency vaccination can in circumstances have a 

role to play; it was found to decrease the extent and duration o f  an outbreak in a 

number o f studies: being particularly cost-effective in fast-spread scenarios. There 

is general consensus in the literature too, on the importance o f  putting a control 

strategy in place as quickly as possible for it to be effective. Tomassen et al, (2002) 

in a study for the Netherlands, found that regional variation was important in 

assessing the most suitable disease control option and that animal density was also 

important; they found that ring-vaccination was the most economically optimal 

strategy for densely populated areas and ring-culling for sparsely populated areas.

In a European context, emergency vaccination is very much seen (at present in any 

case) to have a role as an adjunct to (as opposed to in place of) stamping-out. It can 

be seen as having a role to play in terms o f ‘dampening down’ or ‘closing-in’ on an 

outbreak and vaccinates would most likely be subsequently slaughtered. Emergency 

vaccination was utilised in the Netherlands during the last outbreak and although it
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was first envisaged that the animals would be allowed to live it was then decided 

(mainly due to public/consumer reaction) that vaccinates be slaughtered. Bos et al. 

(2001) in a study for the country calculated the costs o f vaccination with and without 

culling and found the latter to incur economic losses (in terms o f  sales and income) 

around seven times higher than the former and export bans lasting three times as 

long. Overall, the role o f emergency vaccination in bringing an outbreak under 

control cannot be denied, however, the implications, particularly in terms o f trade 

are very difficult to assess and its use is certainly very much dependent o f the 

circumstances o f the outbreak itse lf It can be seen as having a role to play if  it is 

envisaged that it can shorten the duration o f the outbreak such that any losses 

incurred as a result o f time out o f markets does not outweigh the overall cost o f its 

adoption in the first place.

The subsequent criticism o f the models employed during the 2001 outbreak in the 

UK have underlined the importance o f acknowledging that models merely serve as a 

general guide as to the appropriateness o f the employment o f alternative control 

strategies. The difficulties which arose with their parameterisation and the general 

unpreparedness o f authorities for an outbreak (of that scale) should however be 

recognised; improved support structures are now in place all across the EU. To this 

end the methodological advances in terms o f both the epidemiological and economic 

models used to assess the appropriateness o f alternative control strategies should be 

acknowledged here. As the literature review has already outlined, modelling has 

become increasingly more sophisticated and realistic (one issue here being that some 

require a huge amount o f parameters, some o f which are not always available). The 

latest addifion in terms o f this analysis is the addifion o f a CGE component in 

examining the likely impact o f an outbreak and its subsequent chosen control
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strategies. Both ex-post Scottish studies outUned here concluded that although the 

overall economic impact on the economy o f the 2001 outbreak was small, this was 

distributed unevenly across sectors with some suffering disproportionately more 

than others. This is an important result as it is being increasingly acknowledged that 

sectors outside o f agriculture need to be examined in light o f such an event, tourism 

in this case is the obvious example -  this would undoubtedly be an issue in the event 

o f a future outbreak, particularly in terms o f  compensation for those affected.
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CHAPTER 4

EPIDEMIOLOGICAL METHODOLOGY

4.1 Introduction

“Epidemiology and economics are separate scientific areas but are very much 

complementary when the goal is the efficient management o f  animal health. "

fw w w .fa o .o r g )

Modelling, as a tool in epidemiology is the representation o f events in quantitative 

mathematical terms, which may allow predictions to be made about those events. It 

provides a useful means o f investigating diseases where experiments and field 

observations are impracticable. Models are constructed to attempt to explain and 

predict patterns o f disease occurrence and what is likely to happen if  various 

alternative control strategies are adopted and they can be used as an instrument in 

decision making (Thrusfield, 2005:340). Mathematical modelling o f infectious 

disease is a relatively new science^^ and its emergence depended on the development 

o f a general understanding o f epidemic theory (Bailey, 1975). Homer (1906) was 

probably the first to propose that the behaviour o f an epidemic depended on the 

number o f  susceptibles and the contact rate between susceptibles and infectives in a

E p id em ic  m o d ellin g  dates back to the 18* century w ith  the early  m o d e ls  descr ib in g  natural 
ep id em ics o f  hum an in fectio u s d isea ses. O n ly  w ith in  the last forty years has s ign ifican t attention  
been  paid to the m o d ellin g  o f  anim al d isea ses (T hrusfie ld , 2 0 0 5 ).
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population. These basic mathematical assumptions still underpin modem epidemic 

theory (www.fao.org).

This chapter deals with modelling and outlines how, by combining an 

epidemiological and economic model, a cost-effectiveness study o f  alternative 

control strategies is undertaken; examining for the first time the role o f emergency 

vaccination in Ireland: with the epidemiological model simulating the diffusion o f 

the outbreak and the economic model estimating its economic impact. The chapter 

opens by examining the costs associated with alternative FMD control strategies. 

The epidemiological model, the North American Animal Disease Simulation Model 

(NAADSM), its methodology and parameterisation is then outlined. Finally the 

economic model. Global Trade Analysis Project (GTAP) is introduced; however this 

will be more comprehensively examined in chapter six.

Figure 4.1

EPIDEMIOLOGICAL MODEL

ECONOMIC MODEL

COST-COMPARISON
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4.2 Alternative Control Strategies

Using cost-effectiveness analysis the costs o f employing alternative methods of 

FMD control in the event o f an outbreak can be examined. The alternatives o f 

‘Stamping-Out’ (SO) alone or alternatively, in conjunction with ‘Emergency 

Vaccination’ (SOEV) are the selected control methods chosen for comparison. SO 

involves the culling o f all infected and susceptible animals in the region, within a 

certain radius o f an IP (within 3km o f contagious herds here). Emergency 

Vaccination (EV) involves the vaccination o f all susceptible animals (the legislation 

- E li Directive 2003/85/EC allows for this up to and within 10km o f an affected 

herd). In the empirical analysis undertaken in the next chapter this is to be carried 

out for 2km past the 3km radius utilised for SO alone, i.e., 5km) with the subsequent 

slaughter o f vaccinates. For trading purposes, their subsequent slaughter as opposed 

to re-admittance in to the food chain is probably the most realistic approach in the 

Irish context. The role o f EV here then is to slow down or dampen the spread o f 

disease and to reduce the number o f animals subsequently slaughtered. Other 

control measures are common to both policies such as import controls, surv’eillance 

o f susceptible animals, provision o f diagnostic facilities and controls on the 

movement o f livestock etc. The aim o f this study is to discover which control 

strategy minimizes the economic cost o f eliminating an FMD outbreak in the 

country.

The intuition behind this comparison is set out in Table 4.1, which provides a 

general overview o f the costs (both direct and indirect) associated with both control 

strategies, SO and SOEV. Relative costs are compared with x representing a smaller 

cost than xx.
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Table 4.1: Costs associated with alternative control strategies

Stamping-Out (SO) SO + Emergency  

Direct expenditure on disease control Vaccination (SOEV)

(Resource costs incurred by farmers and 

relevant public authorities -  extra resources 

used in the control and ultimate eradication 

o f  the disease e.g., services, personnel, 

drugs, equipm ent etc.)

Animal deaths/lost production xx

Slaughter and disposal xx x

Drugs/vaccine x

Cleaning and disinfection xx xx

Quarantine restrictions xx x

Surveillance costs xx x

Other e.g. transportation xx x

[Compensation costs] transfer xx x

x

Indirect/induced effects Stamping-Out (SO) SO + Emergency

Vaccination (SOEV)

(Disruption to agriculture and other 

industries due to the chosen elim ination 

strategy on dairy/livestock industries in the 

infected area etc.)

Trade restrictions and change in the 

extent and value o f  imports by 

trading partners i.e. revenue 

forgone as a result o f  denied access 

to markets.

Production losses outside o f 

agriculture as a consequence o f  its 

control

XX

XX
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From the table clearly SO is likely to involve relatively more direct costs than

38SOEV. Direct costs are costs directly associated with carrying out the slaughter 

policy, and it is assumed that logistically it would take longer to “get on top” o f the 

disease or bring it under control using this policy alone. This is because, by 

initiating a policy o f EV within a certain radius o f the outbreak (IP) and by 

vaccinating outwards and from the outside perimeter in, the rate o f  disease spread 

may be slowed or dampened down more quickly than by culling alone (delays 

associated with disposal etc.). This is the hypothesis to be tested here. Figure 4.2 

below illustrates very simply how the EV campaign would be undertaken around the 

primary outbreak. It should be noted that the delay in culling during the 2001 

outbreak in the UK led to increased spread o f the disease and the three day delay in 

implementing movement restrictions during the same outbreak doubled the cost o f 

the outbreak (Risk Solutions, 2005).

Figure 4.2: Em ergency vaccination is carried out from  the infected prem ises (IP) for a certain  

radius (e.g., 5km) and from the outside perim eter in to prevent the disease from  spreading  

outside this area and hence “closing in” on the disease.

This hypothesis w ill be tested in subsequent m odelling in chapter t'lve.
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It is also assumed that SO has more indirect costs simply because the duration o f the 

outbreak would be lengthened by not undertaking an EV campaign. Implications of 

holding stock for a longer period on farms should also prove costlier. On the other 

hand, the use o f EV is likely to mean that a country is excluded from foreign 

markets for longer than would be the case with SO alone. Thus, the main focus of 

the empirical study is to answer whether or not the costs associated with the use of 

EV (an extended duration out o f foreign markets) outweighs the costs involved in 

using SO alone (assuming the latter prolongs the duration o f the outbreak).

4.3 Stochastic models

The first epidemic models were deterministic and considered that the course o f  an 

epidemic must depend on the number o f  susceptibles and the contact rate between 

susceptible and infectious individuals. In a deterministic model, the future state of 

an epidemic process can be predicted precisely if  the initial number o f susceptible 

and infectious individuals is known. However, the deterministic approach is not 

always applicable: variation and choice (of contact between susceptible and infected 

individuals) should be considered as part o f the epidemic process. Stochastic 

modelling, which takes into account the probability o f infection, therefore evolved. 

This leads to results that have a probability distribution from which means, variances 

and probability intervals can be derived (Thrusfield, 2005:344). The method uses 

random numbers to decide whether an event either has or has not occurred, 

somewhat akin to gambling, hence the description ^Monte Carlo' technique. In 

circumstances where infection can be interpreted simply as being either present or 

absent (i.e. a binomial event), a chain o f newly infected individuals arises, which can
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be described by ‘chain binom ial’ models (Thrusfield, 1986:193). One o f the earliest 

stochastic models is due to McKendrick (1926), but the most used may well be the 

chain binomial model o f Reed and Frost (Daley and Gani, 1999:11).

Whereas in deterministic models one takes the actual number o f new cases in a short 

interval o f time to be proportional to the numbers o f both susceptibles and infectious 

cases, as well as to the length o f the interval, McKendrick (1926) assumed that the 

probability o f one new case in a short interval was proportional to the same quantity. 

I'his is a '"continuous-infectiori" model and entails an individual being him self 

infectious from the instant he receives infection until the moment he dies, recovers, 

or is isolated. This did not however attract much attention. An alternative 

probability treatment by Greenwood (1931) did establish itself as did similar work 

by Lowell J. Reed and Wade Hampton Frost whose model assumed that the period 

o f infectiousness was comparatively short and that the latent and incubation period 

o f infectiousness could be regarded as approximately constant. Starting with a 

single case in a closed group then new cases would occur in a series o f stages or 

generations. We should, under suitable conditions expect the cases occurring at any 

stage to have a binomial distribution depending on the numbers o f susceptibles and 

infectious individuals present at the previous stage. We should thus have a chain of 

binomial distributions. The theoretical analyses o f Reed and Frost seem to have 

been mainly deterministic, illustrating the probabilistic nature o f epidemic processes 

by use o f a mechanical model. Chain binomial theory was extended by Greenwood 

(1946, 1949) and Bailey (1953) and a new account o f the Reed-Frost version with 

various extensions was undertaken by Abbey (1952) (Bailey, 1975:12). These two 

are seen as the 'classical' models; both entail sequences o f random variables with 

binomial distributions, hence the term "chain binomials'. The fact that they are
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Markov chains was not fully appreciated until the work o f Gani and Jerwood (1971) 

(Daley and Gani, 2001:105). Markov Chain Methodology is explained in the 

following section. The epidemiological model used here (NAADSM) uses a 

modified Reed-Frost algorithm which is more elaborate than the traditional 

(deterministic) one; this will be further outlined later.

4.3.1 Markov Chain Methodology

The spread o f disease in the epidemiological model here uses the State-Transition 

(ST) approach (as in Miller, 1979; Dijkhuizen, 1989; Berentsen et al, 1992; Gamer 

and Lack, 1995; Ekboir, 1999; Mahul and Durand, 2001, Schoenbaum and Disney, 

2003). This is based on a Markov chain model to simulate the size o f an outbreak 

modified to incorporate random events and probabilities. It has two components, 

states and transition probabilities. Markov Chain Methodology (MCM) is based on 

a probabilistic or stochastic process, a model o f sequences o f  events where the 

probability o f an event occurring depends upon the fact that a preceding event 

occurred (Miller, 1979). A stochastic process is a sequence o f experiments where 

the outcome on each particular experiment depends on some chance element e.g., 

tossing a die (there is a finite number o f outcome possibilities - one could compute 

the probability o f any given outcome after a number o f experiments). Both tossing a 

die and the Markov chain process are stochastic processes (there is an element o f 

chance present in both) but the Markov process differs from the die in that each 

outcome is not independent o f the outcome o f preceding experiments; one allows 

knowledge o f the immediate past to materially influence predictions for following 

experiments. In principle, if  a system is influenced by a large number o f variables 

and if  the effect o f each variable is small relative to their combined effect, a

145



stochastic process is a useful way o f  m odelling that system. It is therefore a suitable 

approach in m odelling disease spread; the system  can be treated as a stochastic 

process in w hich there are a num ber o f  possible states (Carpenter, 1988).

A M arkov Chain process is determ ined by:

i. A given a set o f  states ( s ,, s^,.. . ,  s^)

ii. A n initial starting point is specified.

iii. The process can only be in one state at a given tim e and m oves from one

state to another in successive steps.

iv. The probability that the process m oves from  s. to ŝ  (p  ̂ p  depends only on 

state sj.

V.  Transition probability (p. p  determ inable for every pair o f  states.

It is a process in which a num ber o f  elem ents at each state at specific tim e are 

dependent on the num ber o f  elem ents at each state in the previous period and the 

transition probability betw een states (Carpenter, 1988). Probabilities o f  herds 

m oving from  one state to another can be sum m arised in the form o f  a probability 

m atrix and the population considered in possible states e.g., susceptible, latent, 

infected, im m une or dead. There are two com ponents in M CM , states and 

transitions. The probability o f  transition from the current state to another state is 

determ ined by the current state e.g., p^ 3  is the probability that an individual with 

state s  ̂ at tim e t changes to S3  at tim e t + 1. The sum o f  all probabilities in a row  o f  

the transition m atrix is 1  ( 1 0 0 %).
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States at tim e; + /

s, S2 S3 S4 Ss

s, P \ , \ P i . 2 P i . 3 P i . 4 P i , 5
im

e S2 Pi ,  1 Pi ,  2 P l . i P 2 , 4 P i , s

<
S3 P 3 , l P i ,  3 P 3 . 4 P i ,  5

S4 P4,  1 P 4 , l P4, 3 P 4 , 4 P 4 , 5

Ss Ps , \ P 5 , l PS,3 P 5 , 4 P5, 5

In the model each simulated herd is assigned one ‘state’ (i.e., health condition) e.g., 

susceptible, latent (infected but not infectious), contagious, naturally immune, 

vaccine immune, or dead. During the running o f the model, the herds shift (make 

transitions) among these states. Spread o f infection by direct and indirect contact is 

based on simulated contact/movements among infected and susceptible herds. 

Probabilities (input parameters) determine whether or not disease transmission 

occurred from simulated contact among infected and susceptible herds (Berentsen et 

al, 1992).

MCM derive (or assume) probabilities between different states and use these to trace 

out the course o f the epidemic. Transition probabilities represent the probability that 

an individual will move to state j  in next period when presently in state i. During 

any time period, depending on various factors, a herd has a probability o f remaining 

in that state or moving to another state (a transition). Probabilities depend on 

production and environmental conditions and control strategies. Herd/flock is the 

unit o f concern. The herd-to-herd spread o f  disease can be simulated using any time
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period; it is modelled here on a daily basis. The probability of transition from 

susceptible to infectious {p^ on a particular day (/') is a function of the fraction of 

infectious herds on the previous day ( / j  ( j - i ) )  and the dissemination rate {dr) (rate of 

disease spread):

A j  =  1 - e x p  - ! ) ( / ;  ( ; - ! ) ) ]  ( 1 )

The dissemination rate depends on factors such as herd density and movement 

(which gradually decreases with movement controls etc.) The fraction susceptible, 

immune or removed depends on the chosen control strategy (Carpenter: 1988). In 

the context of the thesis and the modelling of disease spread, the movement of 

animals from one health state to another is underpinned by the above equation, i.e., 

very simply, the probability of an animal moving from one health state to another is 

determined by the health state in the previous time period and the rate of disease 

spread.

4.3.2 Reed-Frost algorithm

In the basic model the population is divided into three groups; infected animals 

(cases); susceptible animals; and immune animals. The number of individuals in 

each group determines the shape of the epidemic curve and the pattern of immunity 

in the population. Assuming that the period of infectiousness of infected animals is 

short, and the incubation period or latent period is constant, then, starting with a 

single case, new cases will occur in a series of stages. Cases occurring at each stage 

can be expected to have a binomial distribution depending on the number of 

susceptible and infectious animals at the previous stage. This model is thus termed a
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"'chain-binomial model. ” The model also assumes that all infected animals develop 

disease, become infectious in the next stage and then become immune (Thrusfield, 

2003:140).

The mathematical formulation is;

Where Ct+i is the number o f incident cases in time period t + i, St is the number of 

susceptibles in time period t, and \ - q is the probability o f having at least one 

effective contact during the interval. An '"effective contact" is defined as an 

exposure that would result in infection if  one o f the individuals were infectious and 

the other was susceptible; when a susceptible individual has an effective contact 

with a transmitter, the susceptible animal will develop into a case (Gerstman, 

2003:72). The value, q, is given by (1- p) where p  equals the probability o f a 

specific individual making effective contact with another individual which would 

result in infection if  one were susceptible and the other were infectious. The term (1

Ct- q ) arises because it represents the probability that at least one o f the Ct infectious 

cases makes effective contact (Thrusfield, 2005:140). The magnitude o f /? is a 

matter o f chance, depending on disease specific issues and other factors in 

NAADSM. Thus, the Reed-Frost equation models the course o f an epidemic based 

on the number o f susceptible individuals in the population and the probability o f 

having an effective contact (“mass action principle”) (Gerstman, 2003:72). It 

equates the number o f cases at any time period to the number o f susceptibles in the 

immediately preceding time period and the probability o f contact o f each individual 

with a case (Bailey, 1975:203).
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Taking the R eed-Frost form ulation o f  the theory into account, it is supposed that the 

epidem ic is started in a hom ogenously m ixing group o f  susceptibles by one infective 

or by several sim ultaneously infectious persons, as the case m ay be. The latent 

period can be taken as the unit o f  time. The let rt be the num ber o f  uninfected 

susceptibles ju st prior to tim e t, and let be the num ber o f  infected individuals just 

prior to tim e t who will becom e infectious at that instant. I f  = 1 -  <7 is the chance 

o f  adequate contact betw een any two specified m em bers o f  the group at tim e t, then 

q '‘ is the chance that any given susceptible will have adequate contact w ith none o f  

the infectives. A ccordingly, 1 - is the probability o f  adequate contact w ith at 

least one, which is w hat we require for infection to take place. The conditional 

probability  o f  exactly 5 t+i freshly infected anim als, which will in turn becom e 

infectious at tim e / + 1 , is therefore;

The conditional probability distribution for the num ber o f  new  cases at each stage o f  

the epidem ic is given by the binom ial expressions like the one above, the process 

ceasing as soon as any stage produces no new  cases (Bailey, 1975:241).
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4.4 North American Animal Disease Spread Model {NAADSM) model 

description^^

NAADSM is a stochastic state-transition model allowing for three mechanisms o f 

disease spread; direct, indirect and airborne. The methodology is based on a more 

elaborate form o f the Reed-Frost algorithm. It allows for additional transition states 

and a spatial component, which the traditional theory does not. It is designed to 

simulate the spread and control o f foreign animal diseases in a population o f 

susceptible livestock herds and is the product o f collaboration among academic and 

governmental institutions in the United States and Canada (www.naadsm.org). It is 

a stochastic simulation model, incorporating both epidemiologic and economic 

modules. The linking o f the two allows for tracking and comparing the costs o f 

hypothetical FMD outbreaks and related control strategies.

NAADSM is herd-based with disease manifestation and transmission represented at 

herd as opposed to individual animal level. Each herd (unit) has a production type 

(cattle, sheep, pigs, etc.), size, location and disease state. The simulation proceeds in 

time steps o f one day. During each time step herds are affected by biological 

processes happening in the animals (e.g. progress o f the disease), the environment 

(e.g. airborne spread) and/or human actions (e.g. vaccination). The “model” is the 

sum o f these processes and actions (Harvey et al. 2006:5 Appendix A). The model 

is stochastic, attempting to imitate the random processes responsible for disease 

spread. Both spatial and temporal aspects o f the disease are simulated. Outputs o f 

the epidemiological module are linked to an economic module that tracks various

N orth A m erican A nim al D isease S pread  M odel version 3.0. Free program distributed via the 

internet at hllp://ww\v. naadsm. or2 .
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cost and price values -  allowing for tracking and comparing the costs o f hypothetical 

outbreaks and related control strategies. It is based on a previously designed 

stochastic state-transition model (Gamer and Lack, 1995). Chance occurrences such 

as spread o f infection are simulated with Monte-Carlo methods to maintain a 

stochastic basis (Schoenbaum et al, 2003).

Units move between the various states and probability functions characterise the 

duration for which a herd remains in each state, this being determined stochastically. 

Five discrete disease states are modelled in NAADSM i.e., susceptible, latent 

(incubating), infectious subclinical, infectious clinical and immune. Time periods o f 

these transition states are modelled with triangular density functions. During the 

running o f the model, the herds shift (miake transitions) among these states. Spread 

o f infection by direct and indirect contact is based on simulated contact/movements 

among infected and susceptible herds. Probabilities (input parameters) determine 

whether or not disease transmission occurs from simulated contact among infected 

and susceptible herds. An illustration o f the differing states can be seen below:
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Figure 4.4: States and transitions in the NAADSM  model

(Source N A A D S M  mode! description)

A t the beginning o f each rephcate (simulation) one herd at the centre o f the general 

circle is said to be latent (incubating), all other herds are thought o f  as susceptible. 

Some disease models (e.g.. Gamer and Lack, 1995) have previously used the Reed- 

Frost model to model spread, however, this alone does not provide for the spatial 

spread o f infection as the algorithm assumes that each herd is equally like ly  to 

contact every other herd. NAAD SM  therefore bases spread on this plus risk, contact 

rates and other input parameters (details o f  which are given in the next section). 

Three categories o f spread are simulated: infection by air (airborne), infection as a 

consequence o f  susceptibles coming directly in to contact w ith contagious animals 

(direct) and infection through indirect means i.e. spread by farm vehicles, people etc. 

(indirect).



4.5 Parameterisation of NAADSM

Input parameter values used in the model are outlined in this section. Where 

possible Irish specific values were chosen; although where these were unavailable 

values were taken from the literature. There are six basic types o f model input 

parameters: yes/no values, integer values, real numbers, probabilities, probability 

density functions, and relational functions. These apply to the following broad 

categories:

1) Animal populations

2) Disease manifestation

3) Disease transmission

4) Disease detection and surveillance

5) Disease control

6) Direct costs

There follows a brief explanation o f each category (modified from Hill and Reeves, 

2006 and Schoenbaum and Disney 2003):

4.5.1 Animal populations

Herds are classified by production type, with cattle, sheep (and pigs in one region) 

being examined here. Cattle are important in the epidemiology o f  FMD because o f 

their high susceptibility to airborne virus, because they may excrete the virus for at 

least four days before the first symptoms appear, and because o f their overall 

economic importance. O f all species, cattle produce, in general, the greatest total
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amount o f infectious virus particles and, therefore, are the major source for the 

spread o f FMD. The total amount o f infectious virus from aerosols, saliva, lesion 

tissue, urine, faeces, and milk in general is at least one magnitude higher for cattle 

than for sheep (Sutmoller, 2003:132). Symptoms for sheep and goats can often be 

less severe or are subclinical. Pigs are the most important source o f air 

dissemination o f the virus; once infected, they excrete vast quantities o f the virus. 

They also have a high susceptibility to infection by the oral route (Donaldson and 

Doel, 1994:51). Thus pigs can be described as amplifying hosts and cattle as 

indicators. Sheep can be described as maintenance hosts because they quite often 

have mild or even inapparent signs that can easily be missed (Donaldson, 1994:35).

Two options are available in generating a population o f herds; either actual field 

data, with numbers o f animals in the herds and their locations (latitude/longitude) 

can be imported or hypothetical herds based on herd density patterns and average 

herd size can be used. Actual (as opposed to simulated) farm locations (by largest 

parcel o f land) will be used here; this is preferable, as the spatial pattern o f Irish 

farms is far from uniform. Simulation areas are circular and reflective o f differing 

patterns o f herd size and density within the country. The regions chosen for study 

are further explained in the next chapter. It is assumed that there is one incubating 

herd at the centre o f the each population to simulate virus introduction to a livestock 

area. The rate o f contact between herds and the probability o f  airborne transmission 

are defined to better mimic disease spread.
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4.5.2 Disease manifestation

There are five discrete disease states used in NAADSM. These arc (Modified from 

Hill and Reeves 2006:57):

1) Susceptible to disease - Healthy herds without immunity to infection who 

upon effective contact become infected.

2) Latently infected -  Infected herds which are not yet shedding the disease 

agent.

3) Infectious and subclinically ill -  Infected herds who are not yet showing 

clinical signs but are shedding the disease agent.

4) Infectious and clinically ill -  Infected herds showing clinical signs, who are 

shedding the disease agent.

5) Immune -  Herds who are immune from further infection, either having 

progressed through the disease cycle or by virtue o f  vaccination.

At the outset o f a given simulation, all animals in a herd are assumed to be 

susceptible. During a simulation, herds’ transition through disease states according 

to user-defined parameters reflecting days in which a herd is expected to remain in 

each state. The values chosen for this empirical analysis and the justification for 

their uses are outlined in the following table:
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Table 4.2: Disease M anifestation Parameters''®

Primary Input Value Justification

Latent (incubation) period 

(days):

This is the time from exposure 

until the affected herd is 

capable o f  infecting others. 

This is the period from the 

introduction o f  the virus until 

clinical signs are evident.

PDF

triangular:

5,7.5,10 

(sheep and 

cattle)

0, 1.5, 3

(pigs)

Based on the figures o f  Schoenbaum (2003) 

and Garner and Lack (1995). These estimates 

are supported by the literature. The incubation 

period has been found to be 4-14 days between 

farms (Hugh-Jones and Wright, 1970; Sellers 

and Forman, 1973; Sellers et al., 1981). Virus 

excretion will com m ence 1-5 days before the 

appearance o f  lesions, thus the latent period for 

herds will be around 1 week. The length o f  the 

incubation period is variable and depends 

mainly on the virus strain, dose o f  exposure 

and route o f  entry; natural routes and high 

exposure doses the period can be as short as 2- 

3 days but could take up to 10-14 days with 

very low doses (Donaldson, 1994:37). A high 

stocking density will facilitate spread, 

maintaining a high level o f  challenge from 

both infected animals and the environment. 

Risk Solutions (2005) indicate 1-5 days for 

high doses and 6-12 for low.

Infectious subclinical period  

(days):

Duration o f  the period when 

herds are infectious, yet not 

clinically ill.

PDF

triangular.'

0. 2.6: 5 

(sheep and 

cattle)

0,1,2

(pigs)

Based on N A A D S M  default figures. An 

important feature o f  the disease is that virus 

excretion occurs before infected animals 

manifest clinical signs. Cattle may excrete the 

virus for at least four days before the first 

symptoms appear (Donaldson and Doel, 

1994:51)

These parameters should be generic (irrespective of  country/farming system) although perhaps they 
may vary slightly according to relevant viral strain. The strain assumed here is the most common -  
O ,
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Infectious clin ical p e r io d  

(contagious) p e r io d  (days):

The period during which an 

affected herd can spread 

infection to others. This will 

depend on the type and size o f  

a herd, on husbandry practises 

and on whether the disease 

runs its course, or controls 

such as slaughter are applied.

PD F

triangular:

0, 21, 81 

(for a ll 

species)

The mean period o f  infectivity was found to be 

around 20 days for cattle herds (range 9-66 

days) and 13 days (range 10-17 days) for pig 

herds although herd sizes were relatively small 

(based on study o f  1951-1952 Canadian 

outbreak). Implementation o f  a slaughter 

policy would limit the length o f  the infectious 

period. In the Garner and Lack model a 

probability distribution for duration o f  

infectious period, from 1 to 9 weeks, is used. 

Values chosen therefore are based on 

Schoenbaum (2003) and Garner and Lack 

(1995).

N atural immune p e r io d  from  

infection (days):

The immune period for a 

convalescent herd (time from 

the end o f  the infectious period 

until the herd is again 

susceptible). This is the period 

from when the herd ceases to 

be contagious for other herds 

to when it becomes susceptible 

to the infection again.

PD F

triangular:

180, 270, 

360

(for all 

species)

Duration o f  immunity is difficult to quantify as 

it relies on the concept o f  herd immunity -  this 

depends on the size o f  the herd, contact 

between individuals in the herd and the number 

o f  susceptibles in the herd. Immunity in cattle 

following infection lasts at least 3 years after 

homologous virus; however, susceptible 

animals would start to accumulate in a herd 

through births and purchases immediately. 

Immunity in pig herds, because o f  the more 

rapid turnover in animals, would be 

considerably shorter. A distribution for 

duration o f  immunity from 6 to 12 months is 

used (Schoenbaum , 2003, Garner and Lack; 

1995).
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4.5.3 Disease transmission

Disease spread in the model is simulated through direct, indirect contact and/or 

aerosol transmission. User-defined parameters define the probabilities o f 

transmission via each method. The three vehicles o f spread are outlined in this 

section:

Firstly, the simulation o f direct contact spread i.e., the movement o f animals among 

herds (units), works as follows (Harvey et al 2006:A7):

On each day,

1. Look up a multiplier to adjust the rate o f movement o f animals based on

the number o f days since the first detection o f the disease. Use this

multiplier to scale the movement rate. This approximates applying 

movement-controls over the course o f an infection spreading through the 

population o f units.

2. For each unit

(a) Check whether A can be the source o f an infection. That is, is it 

Latent, Infectious Subclinical, or Infectious Clinical and not 

quarantined. (Infectious Clinical is always a source. Latent and 

Infectious Subclinical are optionally a source).

(b) If A cannot be a source, go on to the next unit.

(c) Sample a number N  from a Poisson distribution whose mean is the 

movement rate (adjusted by 1 above).

(d) Create N  shipments from A.

3. For each shipment,
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(a) Sample a number, distance, from the movement distance distribution.

(b) From all units that can be the target o f disease exposure (that is, those 

that are not Destroyed or quarantined or are the source), choose the 

unit B whose distance from the source is closest to the distance. If 

several possible targets are the same distance from the source, choose 

one randomly, giving preference to larger units (a unit with twice as 

many animals is twice as likely to be chosen).

(c) If no target B could be found, this shipment is dropped. Do not record 

an exposure; go on to the next shipment. This can happen if there are 

no units o f the desired target production type or if  all units o f the 

desired target production type are destroyed or quarantined.

(d) If B is not susceptible, the shipment has no effect on the disease state 

but is recorded as an exposure; go on to the next shipment.

(e) Generate a random number r in [0, 1], that is, from 0 up to but not 

including 1.

(f) If r  < P, the probability o f infection given exposure, turn B Latent 

after a shipping delay.

The distance between lat\, lori\ and lati, lori2  is approximated as:

y  = lat2 ~ lat]

X  = (lori2  -  lorii) ■ cos (lati)

d  = c/260 -Vx^+ (where c = the circumference o f the earth).

Parameters used in the model for direct contact spread are outlined in table 4.3:
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Table 4.3: Disease transmission parameters -  Z)/rgcf Contact Spread

Primary Input Value Justification

Mean rate o f  movement (recipient 

units/un it/day).

Direct movement o f infected animals: 

direct contact involves the transfer o f 

one or more animals from one herd 

(unit) to another i.e., the mean rate at 

which groups o f animals are bought 

and sold. This rate plus the rate of 

indirect contact make up what is 

classically called the "contact rate". A 

contact rate is used to indicate the 

average number o f  contacts (shipments 

o f animals in the case o f direct contact, 

or movements o f people, equipment 

etc., for indirect contact) that are 

generated by each herd each day (Hill 

and Reeves, 2006).

Scalar, 

slow: 0.15 

(same for 

all species)

Option o f slow 0.15 and fast 0.4 

(Schoenbaum, 2003; Bates et al 

2001).

NAADSM  typically generates 

contacts among herds on each day o f 

a simulation based on a mean daily 

contact rate. Specifically, this mean 

contact rate is used to define a 

Poisson distribution. The actual 

number o f  contacts generated on a 

particular day is then drawn from this 

distribution. The actual number o f 

contacts on any given day may be far 

more or far less than the mean 

contact rate, but over time, the 

average number o f contacts 

generated on each day will closely 

approximate the specific mean 

contact rate. Movement restrictions 

are also modelled by the reduction 

over time o f the initial mean contact 

rate. (Hill and Reeves, 2006:64).
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D istance distribution  o f  recipient 

herds:

The distance betw een a source and its 

direct contact with recipient herds 

(distance distribution o f  direct 

m ovem ents).

PD F

Triangular

0. 0.9, 10 

km

(same for 

all

species)

Schoenbaum  (2003), Bates et al 
(2001).

M ovem ent con tro l effect:

The effect o f  m ovem ent restrictions 

on the num ber o f  contacts between 

units. This variable describes animal 

m ovem ent between these production 

types as a proportion o f  pre-outbreak 

animal m ovem ent i.e., direct contact 

rate (Hill and Reeves, 2006).

Relational 

chart: 

R educed  

to 1/6 

original 

rate in 6 

weeks. 

(same for 

all

species)

Based on studies on the 1967-68 UK 
outbreak (Schoenbaum, 2003, Bates 
et al 2001, Garner and Lack, 1995).

Shipping delay (days)

This variable is a probability density 

function defining the length o f  time 

(in days) that it takes for each contact 

initiated by a herd o f  the source 

production type, to reach herds o f  the 

recipient production type (Hill and 

Reeves, 2006).

1 day  

(same for 

all

species)

N A A D S M  default value is used here.
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Probability o f  infection given Scalar: 0 . 7
Considered high, given that these are 
movements o f animals from herds in the

exposure (same for contagious stage to susceptible herds

all species)
(Schoenbaum, 2003; Bates et al, 2001).

If a herd is in direct contact with

an infectious herd, how likely is

it that the contact herd will

become infected?

The second type o f disease spread is that by indirect contact i.e., through the 

movement o f people, materials, vehicles, equipment etc. This is simulated in the 

same manner as direct contact spread, except that only Infectious Subclinical and 

Infectious Clinical units and not Latent units, can be the source o f infection. The 

parameters for indirect contact spread are similar to but independent o f those for 

direct contact spread and are given in table 4.4;

Table 4.4: Disease transm ission  p aram eters  - Indirect contact spread

P rim ary  In p u t Value Justifica tion

Mean rate o f  movement (recipient-units 

for shipments per source-unit per day):

Rate o f indirect movement o f exposed 

animals: Indirect contact involves the 

movement o f people, materials, vehicles, 

equipment, animal products etc. among 

units i.e., the mean rate at which herds are 

contacted by potential fomites/vectors of 

the disease. This rate plus the rate of 

direct animal movement make up what is 

classically called the "contact rate". 

Assumes direct relationship with herd 

size.

Scalar: 1 

slow

(same for all 

species)

Option o f slow 1 and fast 2 

(Schoenbaum, 2003; Bates 

et al, 2001).
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M ovem ent distance (km)

Distance distribution o f  contact herds: 

herds that may become infected via 

fomites or by other indirect means.

PD F

Triangular 

10, 11, 20 

km

(same for all 

species)

Schoenbaum (2003), Bates 

et al (2001).

Shipping delay (days) 1 day

(same for all 

species)

As for direct contact 

(N A A D SM  default value).

P robability  o f  infection given exposure. 

P robability  o f  infection transfer given that 

a secondary herd is exposed in an indirect 

route (e.g., fom ite).

Scalar: 0.05  

(same fo r  

a ll species)

Considered low probability 

o f  spread via indirect 

means. Schoenbaum  

(2003), Bates e ta !  (2001).

Effect o f  movem ent controls on "contact 

rate".

A relationship chart is the basis fo r  a 

decreasing  contact rate after controls on 

m ovem ent are implemented.

R elational

chart:

R educed to 

1/6 original 

rate in 6 

weeks.

As for direct spread, this is 

based on studies on the 

1967-68 UK outbreak 

(Schoenbaum , 2003, Bates 

et al 2001, Garner and 

Lack, 1995).

Finally, the simulation o f airborne spread works as follows:

On each day,

1. For each unit

(a) Check whether A can be the source o f an infection. That is, is it 

Infectious Subclinical or Infectious Clinical?

(b) If A cannot be a source, go on to the next unit.

(c) For each other unit B,

(i) Check whether B can be the target o f an infection. That is, is

it Susceptible, is the distance from A to B < maximum 
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distance o f  spread and is the direction from ^ to 5  inside the 

wind direction range?

(ii) If B cannot be a target, go on to the next unit.

(iii) Compute the probability o f  infection P = probability o f

infection at 1 km x DistanceFactor (A,B) x 

HerdSizeFactor{A) x HerdSizeFactor{B).

(iv) Generate a random number r in [0,1].

(V) If r < P, turn B Latent after a delay.

Where:

DistanceFactor (A, B) = (maximum distance o f  spread -  distance from A to B) i 

(maximum distance o f  spread -  1)

HerdSizeFactor{A) = (area under histogram o f  unit sizes from 0 to size A) x 2 

The probability o f  airborne spread is related to the distance between a source and 

recipient herd, the prevailing wind current direction, and the direction from a source 

to a recipient, wqth that probability decreasing with greater distance between a 

potential source and a potential recipient herd (Hill and Reeves, 2006:66). The 

distance between /ati, lon\ and latj, loni is approximated as before. The direction 

from lat\, lon\ and lati, /o«2 is approximated with the inverse tangent using the same 

X and y.

Airborne spread parameters are tabulated below:
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T able 4.5: Disease transm ission  param eters  - A irborne spread

Primary In p u t Value Justifica tion

Probability o f  infection at 1km 

from  source

Scalar: 0.0001 

(sheep)

0.001 (cattle 

and pigs)

Preliminary runs indicated a 

small proportion o f new infected 

herds could be produced with this 

low probability value 

(Schoenbaum, 2003).

Range o f  wind direction (from start 

to end - 0-359° counter-clockwise). 

The scope o f airborne exposure is 

an area between two angles. The 

area is determined in a counter- 

cioci<wise direction from the first 

angle. For example, if 0 and 90 are 

entered, exposures are in an area 

from due east to due north o f each 

contagious herd. 0=East, 

90=North, 180=West, 270 (or -90) 

=South.

Scalar range: 

0-360°

A low rate o f airborne infection 

was desired to simulate short- 

distance airborne and mechanical 

transfer by wild animals/pets in 

any direction (Schoenbaum, 

2003).

Maximum distance o f  spread (km) Scalar, slow: 2, Option o f slow 2, fast 4, Morris 

et al (2001) supported by Risk 

Solutions (2005) In 2001 

pluming was not found to be a 

significant mechanism o f 

disease spread in the UK or 

Ireland. A value o f 2 was 

estimated for this parameter, 

which produces similar sizes o f 

plume infections to those 

observed in 2001. Higher levels 

can be selected if the impact o f  

high-plume viruses was to be 

investigated.
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Airborne transport delay 1 day NAADSM default value used.

(days)

This variable is a p d f

defining the length o f time

(in days) that it takes for

disease agents from a

source herd to reach a

recipient herd.

Below are illustrations o f example input parameters for north winds (left) and south 

winds (right):

0/360  "  0/360  "

start

2 7 0 *

source

180  ”

0
270 90

affected

end Stdft

180  "

Fig. 4.5: E xam ple  a irborne param eters (source: Harvey  et al, A ppendix  A-15)

4.5.4 Disease detection and surveillance

Disease detection in the model refers to the identification and reporting o f infected

units based on the appearance o f clinical signs. Once disease has been detected,

various control measures can be implemented. The overall chance o f disease

detection in the model is the sum o f two probabilities; firstly, the probability o f

actually observing clinical signs in a herd, and secondly the probability that these
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will be reported (Hill and Reeves, 2006). Both are given as relational functions and 

are outlined in table 4.6 below:

T a b le  4.6: D isease de tec t ion  p a r a m e te r s

Prim ary In pu t V alue Ju s t i f ic a t io n

P robability  o f  detection vs. days the 

herd (unit) has been Infectious 

Clinical:

The probability o f  reporting given 

the num ber o f  days the herd is 

contagious. A contagious herd is 

detected based on combination o f  

this probability and the next one 

(assumes independence).

R elational function. 

Straight line from 

1, 0.2, to 5, 1.0 

(over four days for 

cattle and pigs and 

seven days for 

sheep)

(Schoenbaum , 2003)

P robability  o f  reporting vs. days 

since f ir s t detection:

The probability o f  reporting based 

on the awareness o f  the animal 

health community (days since first 

confirmation o f  infection). A 

contagious herd is detected based on 

combination o f  this probability and 

the previous one (assumes 

independence).

R elational function. 

Sigm oid-shaped  

line from  0 to 1 

(over seven days)

A ssum ing one week is 

sufficient time. Cattle 

and pigs will be spotted 

quite quickly, sheep, as 

already outlined are less 

easy to detect

Surveillance refers to the process o f  identifying herds at high risk for disease based

upon exposure (or potentially) proximity to infected, detected herds. Herds

identified by surveillance will be quarantined and thus can no longer spread disease

by direct contact (Hill and Reeves, 2006:72). Both passive and active disease
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surveillance is allowed for in NAADSM. Passive surveillance is a function o f the 

length o f time since the outbreak began and the length o f time that a given herd has 

been infected. Active surveillance targets contacts from infected herds. The delay 

to detection and the impact o f surveillance and movement controls are all assessed in 

the simulation

Disease surveillance parameters to trace units which have had prior direct/indirect 

contact with an infected unit (if desired) are given below:

Table 4.7: Disease surveillance parameters

Primary Input Value Justification

Probability o f  trace-out investigation 

succeeding when direct/indirect contact has 

occurred:

The probability that a contact will be 

successfully identified by tracing.

Assume 0.7 for direct 

and 0.5 for indirect.

NAADSM 

default value.

Period o f  interest fo r  trace-out investigations o f  

direct/indirect contacts:

How far back in time should contacts be traced?

Assume 21 days for 

direct and 7 day for 

indirect.

Department of 

Agriculture 

and Food 

opinion.
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4.5.5 Disease control

Both the destruction and vaccination o f  animals can be thought o f  as methods o f  

disease control. Here, the ‘stamping-out’ o f  detected herds and ‘dangerous contacts’ 

(those on epidem iologically linked holdings) is modelled. The cost effectiveness o f  

such a campaign is then compared to when a campaign o f  emergency vaccination 

(and subsequent slaughter) is simultaneously undertaken. The specific parameter 

values involved are contained in the following table:

Table 4.8: Disease control parameters -  Destruction

P r im a r y  I n p u t V alue Ju s t i f ic a t io n

D elay to begin a destruction  

program m e (days)

2 days Assume two day delay.

Slaughter capacity:

The num ber o f  herds that 

can be slaughtered per day.

R elational

Function

25 herds 

per day

There is no clear indication in the Irish FM D  

contingency plan on how m any could be 

slaughtered per day. The num ber and type o f  

animals involved will determine the size o f  

the team involved. W hat is stressed is the 

importance o f  prom pt action. In the UK 2001 

outbreak the 24/48 hour rule was adhered to, 

i.e., ail susceptible animals on IPs were culled 

within 24 hours and those on neighbouring 

farms in 48. It is estimated that less herds 

could be culled than vaccinated daily, as 

culling is much more logistically demanding. 

The assumption here is that 25 herds a day 

could be culled following from discussions 

with Department o f  Agriculture and Food 

s ta f f
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Radius o f  

destruction ring 

(km)

Within 3km 

when modelling 

SO alone.

5km when 

modelling SOEV 

as it is 

anticipated here 

that all 

vaccinates are 

subsequently 

slaughtered.

3 km radius is assumed here. EU legislation 

requires that in the event o f  an outbreak, a 3km 

protection zone is established around infected 

premises (IP) and a surveillance zone o f  a 

further 10km surrounds this. The slaughter of 

all susceptible species on an IP and on 

epidemiologically linked (dangerous contact) 

holdings is mandatory. Contiguous culling 

usually involves all animals in directly 

contiguous (adjoining) holdings but this cull 

zone can be extended to 1km or 3km from the 

IP. The term fire break cull refers to the culling 

o f  animals in an area bordering an infected area 

to prevent virus extension ('to create a fire 

break'). This strategy was used during the UK 

outbreak with the culling o f  sheep and pigs in 

3km areas around IPs in Scotland and Cumbria. 

In Ireland, a preventive cull o f  all susceptible 

animals within 1km (3km for small ruminants) 

o f  an IP was carried out and as an additional 

measure, the entire sheep, wild goat and deer 

population o f  the Cooley peninsula (the farmed 

animals were slaughtered on a voluntary basis) 

in order to remove any possible reservoirs of 

infection (Dept, o f  Agriculture and Food, 

2005:13).

Indication o f  

whether units o f  the 

production type will 

be destroyed in 

response to 

detection o f  nearby 

units.

Yes All animals within a 3km radius o f  an outbreak 

will be destroyed in line with EU Directive 

2003/85.
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Indication o f Yes As above, dangerous contacts are included in

whether units o f  this same.

production type

identified by trace

surveillance after

indirect contact will

be destroyed.

Vaccination is also modelled as a means o f  disease control -  herds within a 5km 

radius are vaccinated in this analysis (in line with EU Directive 2003/85 which 

allows for up to 10km). Vaccination is assumed to be 100% effective in the model. 

The parameters associated with vaccination are given in table 4.9 below;

Table 4.9: Disease control parameters -  Vaccination
Primary Input Value Justification

Number o f  

detected units 

before 

vaccination 

begins

after detecting 15 

herds

Tw o scenarios 'early' 2 herds and 'late' 50 herds 

as described by Schoenbaum (2003); 'early' 

assumes nearly immediate institution o f  a 

vaccination programme. It is questionable 

whether vaccination would be implemented so 

quickly in the Irish case (obviously location, 

herd density etc. are all important factors). The 

assumption here is that it will be initiated after 

the detection o f  15 herds.
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Vaccination capacity 

vs. days since the firs t 

detection (units per  

day)

This is modelled as a 

relational function of 

the number o f  units 

(herds) that can be 

vaccinated per day 

versus the days since 

first detection.

Relational Function 

40 per day

Figure suggested following discussion 

with Department o f  Agriculture and 

Food staff.

Radius o f  vaccination 

ring (km), i f  units o f  

the production type 

will trigger a 

vaccination ring

5km

Vaccination to be 

carried out 2km 

outside the 3km cull 

radius initially to 

dampen down disease 

spread.

In the Netherlands animals were 

initially vaccinated in a 2km zone 

around each IP with protective 

vaccination carried out within a 25km 

radius o f  Oene (an area considered to 

be greater risk o f  spread by local 

contacts). These animals were 

subsequently culled due to adverse 

reaction to the notion o f  allowing 

vaccinates enter the food chain. The 

new EU Directive requires Member 

States to make arrangements for 

emergency vaccination in an area at 

least the size o f  the Surveillance zone 

(10km) after confirmation o f  the first 

case (Dept, o f  Agriculture and Food, 

2003).
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Indication o f  whether 

units o f  the production  

type w ill be vaccinated  

in response to 

detection  o f  nearby  

units.

Yes Yes all animals within a 10km radius 

are to be vaccinated if  a campaign o f  

EV is to be undertaken.

D elay to produce  

immunity (days)

4 days A delay o f  4 days was assumed 

between vaccination and transition to 

the vaccine immune state (Ferguson et 

al, 2001). The time to immunity is 

dependent on vaccine strength. For 

high strength vaccines, a vaccine-to- 

challenge interval as short as 4-5 days 

can be achieved. Therefore a range 

based on a tr iangular distribution o f  4- 

5-6 days for all species is used (Risk 

Solutions, 2005).

Immunity p e r io d  from  

vaccination  (days):

This is the period from 

when herd becomes 

immune from 

vaccination to when it 

becomes susceptible 

to the infection again.

PDF: triangular 120, 

150, 180

(for all species)

Schoenbaum (2000), Ferguson et al. 

(2001).
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4.5.6 Direct costs -  Destruction and Vaccination

Finally, NAADSM can also take account o f the direct costs associated with FMD 

control i.e., the resource costs incurred by farmers and relevant public authorities in 

the control and ultimate eradication o f the disease. The indirect costs incurred and 

the overall economic implications for trade and tourism will be further examined 

using the CGE model GTAP in chapter six. The direct costs as a result o f 

destruction and vaccination in an Irish context are contained in tables 4.10 and 4.11 

below:

Table 4.10: Direct Costs parameters'*' - Destruction

Primary Input Value Justification

A verage cost o f  cleaning  

and disinfection p e r  unit

This is also fixed 

regardless o f  the number o f  

animals in the unit.

€24,652

(farm)

Estimated to be £17,000 (€24, 6 5 2 ) per farm 

in Defra (2005), although not all is borne by 

the Exchequer.

A ll £  sterling  based on 2001 currency va lues.
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C ost o f  euthanasia p er  

animal:

average cost o f  euthanasia 

per animal (includes 

appraisal, labour, and 

transportation)

€2,317 

(herd)

(€38.62

per

animal 

based on 

an

average 

herd size 

o f  60 

animals)

The cost per man in 3 man cull team during the 

2001 UK outbreak was £100 according to 

Defra CBA  Report 2005. The Irish 

contingency plan states that a 

valuation/slaughter/disposal team will at 

m inim um  comprise a veterinary inspector 

experienced in slaughter, a slaughterman with 

skills relevant to the animals presented, 

technical agricultural officers, a valuer and as 

appropriate a marksman, disposal and 

laboratory personnel. As this team numbers 4 

at minimum, at a value o f  £100 per man (€145) 

per hour a value o f  €580 per team per hour is 

applied. The cost per hour o f  a valuer was 

found to be €144. A ssum ing there are 10 

teams working 8 hours per day with 25 herds a 

day being culled the cost o f  appraising and 

euthanasia is conservatively estimated to be 

€2,317 per herd (€38.62 per animal based on 

an average herd size o f  60). There is no 

account here for cost o f  equipm ent or supplies.

C ost o f  carcass d isposal 

p e r  anim al

€232.28 

per cow, 

€22.72 

per

sheep/pig.

As outlined by Defra (2005) incineration is the 

preferred disposal route at £300 per tonne, 

rendering is next at £200, licensed landfill next 

at £165 and finally on-farm disposal via pyre 

burning £300 per tonne. Assum ing  there are 

two cows in a tonne, these routes o f  disposal 

work out to be €215 per head for incineration, 

€144 per head for rendering, €119 per head for 

licensed landfill and €215 for on-farm pyre 

burning. Transport and disposal cost by lorry 

is €64.82 per hour or €34.56 per tonne 

assum ing one 8 hour round trip per day. 

W h e n  in c in e ra t io n  is e m p lo y e d  th e n ,  c o s t  

p e r  h e a d  th e n  is € 1 7 .2 8  ( to ta l  th e re fo re  in 

th is  in s tan ce  is € 2 3 2 .2 8  p e r  co w ) .
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Assuming (approx) twenty sheep in a 

tonne, this works out to be €22.72 per 

sheep/pig.'*^

Cost o f indemnification per 

animal:

Average government re

imbursement to producer 

for slaughtering an animal

€787 per 

cow, 

€146.68 

per sheep 

and €140 

per pig.

Court of Auditors (Special Report No. 8/2004) 

given total numbers compensated for and 

money given were 1,172 cattle, 50,172 sheep 

and 70 pigs with compensation of €859,862, 

€7,359,366 and €9,800 respectively.

Costs are calculated as follows (taken from Hill and Reeves, 2006:86):

The total cost o f destruction for each herd (unit) = (Appraisal cost + Cleaning and  

disinfection cost) + [(Number o f  animals in the unit) x (Cost o f  euthanasia + Cost 

o f  indemnification + Cost o f  disposal)]

The total cost o f destruction for all herds = (Number o f  units destroyed) x 

(Appraisal cost + Cleaning and disinfection cost) + [(Total number o f  animals 

destroyed) x (Cost o f  euthanasia + Cost o f  indemnification + Cost o f  disposal)]

Similarly there are both fixed and variable costs associated with vaccination; there is 

a fixed cost associated with vaccination site set up and an additional cost per animal 

vaccinated. A baseline vaccination cost applies to animals up to a certain threshold 

(500,000 in this case) where after an additional cost applies. The total cost of 

vaccination for all herds is calculated as follows (also taken from Hill and Reeves, 

2006:86):

A n im a ls w ere buried in -situ  in Ireland in 2 0 0 1 , therefore it w ou ld  be preferable to get a cost 
estim ate for th is m ethod o f  d isp osa l, h o w ev er  such a value w a s not attainable at the tim e o f  w riting. 
T he co sts  o f  incineration g iv en  here provide a general estim ate  for d isp osa l co st how ever.
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I f  the threshold is not reached: [(Number o f  units vaccinated) x (Cost o f  site setup)]

+ [(Total number o f  animals vaccinated) x (Baseline cost per animal)]

I f  the threshold is reached: [(Number o f  units vaccinated) x (Cost o f  site setup)]

+ [(Threshold level) x (Baseline cost per animal)] + [(Total no. o f  animals 

vaccinated -  Threshold level) x (Baseline cost per animal + Additional cost per 

animal)]

Parameters associated with vaccination are contained in the table below:

Table 4.11: Direct Costs parameters - Vaccination
P r im ary  In p u t Value Justification

Number o f  

animals that can 

be vaccinated  

before the cost o f  

vaccination 

increases

500,000 According to the Irish Contingency plan, Ireland as a member 

o f  the International Vaccine Bank has access to FMD vaccine 

stored there. Ireland's drawing rights from this ensures a short

term capacity o f  500,000 doses in the short term. We would 

also be allowed draw the same amount as other Member States 

from the European Vaccine Bank. It is assumed that the cost 

would not increase once this threshold is reached as the 

replenishing the antigen figure is built in to the Defra cost 

estimate per dose (see below).

Baseline cost o f  

vaccination per  

animal (applies 

until the specified 

threshold has been 

met)

€1.13

per

animal

The cost o f  producing vaccine inclusive o f  VAT was found to 

be approx. €0.38 per dose plus formulation and distribution 

costs or €0.38m per million doses at 2004 prices. With the 

International Vaccine Bank, Ireland must pay the costs of 

replenishing the antigen (with the EU Vaccine Bank there is no 

replenishment charge) (Department o f  Agriculture and Food, 

2005). The Defra report states that vaccine batch size is 500,000 

individual doses and the costs are estimated at £190,000 per 

batch for formulation and £200,000 for antigen replacement, 

(£0.78 (€1.13) per dose). This replenishing the antigen figure is 

built in to Defra cost estimate per dose.
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Additional cost o f  
vaccination per 
animal fo r  each 
animal beyond the 
specified 
threshold

See notes above.

Cost o f
vaccination site 
setup per unit.

€606
(herd)

The cost of a vaccination team per hour was estimated to be 
£156.70 (Defra, 2005), that is €227.30. In the Irish contingency 
plan, it is envisaged that (in the best case scenario) 100 teams 
have the capacity to vaccinate 300 herds a day. Assuming they 
work an 8 hour day this costs €1,818.40 per team per day and 
€181,840 in total per day. This works out to be €606 per herd. 
A more appropriate value should be used here as this focuses on 
labour.

4.6 Conclusion

This chapter outHned how  by com bining the epidem iological and econom ic m odules 

contained in N A A D SM , the alternative control costs associated w ith SO and SOEV 

will be com pared in an Irish context for a num ber o f  hypothetical outbreaks. In 

choosing an appropriate control strategy in the face o f  a particular outbreak, it is 

assum ed that the decision-m aker will choose to m inim ise overall econom ic cost. 

There is a growing literature in the field o f  ‘veterinary econom ics’ as policym akers 

are increasingly required to justify  any decisions m ade on econom ic grounds. 

N A A D SM , its m ethodology and param eterisation have been outlined in the chapter. 

As already pointed out, Irish specific param eter values were used where possible 

how ever where these were unavailable substitutes from the literature were chosen.

In conclusion, it was hypothesised in this chapter that ‘Stam ping-O ut’ (SO) should 

in theory involve relatively more direct costs than SO in conjunction w ith 

‘Em ergency V accination’ (EV) (SO EV ), as it is assum ed that logistically, it would
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take longer to “get on top” o f the disease merely using the former. The reasoning 

behind this is that by initiating a policy o f EV within a certain radius o f the outbreak 

and by vaccinating both outwards and from the outside perimeter in, the rate o f 

disease spread can be slowed or dampened down more quickly than by culling alone 

(delays associated with disposal etc.)

Similarly, it could be assumed that SO has more indirect costs simply because the 

duration o f the outbreak would be lengthened by not undertaking an EV campaign? 

Implications o f  holding stock for a longer period on farms should also prove costlier. 

On the other hand, implications from the use o f EV are somewhat unknown. Once 

the animals are subsequently slaughtered trade should officially recommence three 

months after the last animal is slaughtered, as with SO, however there is some 

ambiguity about the reaction o f trading partners in this regard. The actual 

implications for trade are difficult to assess. Thus, the main focus o f the empirical 

study is to answer whether or not the strategic use o f  vaccination can actually 

shorten the duration o f an outbreak and facilitate the return to trade more quickly 

than the traditional culling policy alone; thus minimising the overall economic 

impact. This will be answered in the following chapter.
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CHAPTER 5

AN EMPIRICAL ANALYSIS OF A NUMBER OF SIMULATED 

OUTBREAKS OF FOOT-AND-MOUTH DISEASE IN IRELAND 

- DIRECT COSTS: A REGIONAL ANALYSIS

5.1 Introduction

The empirical analysis undertaken here uses the epidemiological model o f disease 

spread NAADSM. Its parameterisation is based on the parameters outlined in the 

previous chapter. These simulations are for illustrative purposes; the model is 

flexible as regards the alteration o f such parameters. The empirical analysis allows 

for the comparison o f the alternative control strategies o f stamping-out both alone 

and in conjunction with a campaign o f emergency vaccination. The application o f 

NAADSM in Irish circumstances is investigated for four regions o f varying 

characteristics. The analysis is undertaken for sheep and cattle herds in three regions 

and pigs are taken into account in the fourth, Co. Cavan (where 61% o f the national 

pig herd is located).
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5.2 The regions - simulation scenarios

The four regions examined here are based on areas o f  differing farming types and 

herd densities in various geographic locations within the c o u n t r y . S e e  table 5.1 

below:

T able 5.1; Regional information

Region F arm ing type/ C ounty Area Total A nim als Anim al

density

1 Marginal/M ixed: 

Counties Galway, 

R oscom m on (W est)

869,856 ha. 

(8699km^)

1,368,097 High

157 per km^

2 Dairying:

C ounty  Cork (South)

750,758 ha. 

(7 ,508 km^)

344,667 Low

46 per km^

3 Intensive fattening/mixed 

crops:

Counties Laois, Offaly 

(M idlands)

370 ,927  ha. 

(3 ,709 km^)

600,115 High

162 per km^

4 Mixed/pigs:

County  Cavan (B order  North)

193,188 ha. 

(1 ,932 km^)

289,123 

(+176 ,270  with 

pigs)

High

150 per km^

5.3 Data

Herd data for cattle herds and sheep flocks are used in the main (with pig census 

data used for the analysis in Co. Cavan).'*^ Data on cattle herds was obtained from 

animals that were TB tested in 2005 (this test is obligatory for all cattle herds).

Each o f  the simulated outbreaks is assumed here to be confined within the selected region. The 
model does not a llow  for inter-regional spread. The exam ination o f  such spread w ould  be a useful 
com ponen t o f  future work.

Lat/Lon points not available for all so there may be a  small num ber o f  herds unaccounted  for.
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There is no differentiation between beef, dairy or suckler'*^ herds. For sheep flocks, 

2005 sheep census data are used. Pig census data from 2001 is used; this is the most 

up-to-date source available. The data was provided by the Department o f 

Agriculture.'*’ Each herd or flock has a unique herd ID number and production type 

with each holding having a latitude/longitude point. Knowledge o f  the exact 

geolocation o f each herd ensures the dissemination o f the virus is modelled more 

accurately. In preparing for simulation, data was grouped on a county-by-county 

basis. Herds (as opposed to animals) are the unit o f concern in the model.

An important issue in terms o f an analysis using Irish herd data is the fragmentation 

o f farms - half o f the farms in the State consist o f two or more land parcels while 

almost 10% comprise four or more parcels (Lafferty et al., 1999:25). Difficulties 

arise as a result when modelling on a herd-by-herd basis. As it is not unusual in the 

Irish case for one farm to comprise four or five separate parcels o f land the herd is 

not located at one single point and the disease could be more widespread than 

anticipated (i.e., a multiple point disease source). From the modelling point of 

view each o f these points has the same herd/farm ID number. The solution used in 

this analysis to deal with the problem is to use the herd number with associated 

latitude and longitude points in decimal degrees based on the centroid o f the largest 

fragment o f land used by the farmer, thus there is only one record per farm. As a 

consequence, the model may underestimate the occurrence o f the disease. One 

initial hypothetical outbreak is assumed to occur at the centre point o f the region 

with one ‘latent’ herd.

Two methods o f control are modelled (both are in line with EU FMD legislation):

C o w s other than th o se  kept princip a lly  to produce m ilk  for hum an consu m ption .
Sp ecia l thanks m ust g o  to G uy M cG rath (C V E R A , U C D ) in th is regard.
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(1) SO: stamping-out o f infected herds and dangerous contacts within a 3km radius 

o f an IP;

(2) SOEV; stamping-out o f infected herds and dangerous contacts in conjunction 

with emergency vaccination (and the subsequent slaughter) o f animals within a 5km 

radius o f an

In adopting SOEV here it is assumed that vaccinates are to be slaughtered 

subsequently. In the event o f slaughtering these animals the ‘official’ length o f time 

out o f markets remains at 3 months not 6 (if vaccinates were allowed enter the food 

chain). The benefit o f employing emergency vaccination in this case then would be, 

it is hoped, to ‘close-in’ on the disease more quickly and dampen down vims spread. 

As vaccinates are subsequently slaughtered it would appear that SOEV will involve 

the culling o f more animals (over a larger area -  given the radius). However, as 

emergency vaccination is to be used in an effort to minimise the scale o f an 

outbreak, it is hoped that there are in fact less infected premises, dangerous contacts 

and thus casualties. This is one o f the issues to be tested by the model in the 

analysis here.

T h is can be anyth ing up to 10i<m but it is e n v isa g ed  here that it w ou ld  occur 2km  o u tsid e  the 31cm 
zon e  in itia lly  (fo llo w in g  inform al d iscu ss io n s  w ith  D epartm ent o f  A gricu lture o ffic ia ls) .
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5.4 Region 1: Galway, Roscommon -  marginal/mixed farming

This region in the western province 

o f Connaught can be described as an 

area o f mixed farming. The area o f 

the two counties combined is 

869,856 hectares. The total number 

o f  cattle in the region is 673,677 

with an average herd size o f 40. 

Sheep in the region total 694,420 

with an average herd size o f 101.

Antinrf*)

emndnagh ___ ... Dowm
Stogo Lalktm M onagh^  ̂ J 

C a v a n  j_, 
r>g-

ford Mealh
sfcTiearth 

CHIaly Kildare 
Laore

Clare
T ipperary 

^  Lwnerick KMkenn^^

^ K e r r y  trUfl^rtmJ— —
Cork

DuMin

Fig. 5.1: Region 1 - Galway and Roscom m on

Herd density is high (157 animals per km ). Information relating to both counties is 

contained in the table 5.2:

Table 5.2: Region 1 -  Galway, Roscommon

Galway Roscom m on Total

Area (hectares) 615,052 254,804 869,856

Holdings 13,089 6,174 19,263

Sheep flocks 4,922 1,964 6,886

Total Sheep 496,883 197,537 694,420

Average flock size 101 101

Cattle herds 11,343 5,436 16,779

Total Cattle 458,451 215,226 673,677

Average herd size 40 40

Total herds/flocks 16,265 7,400 23,665

Total animals 955,334 412,763 1,368,097

Source: Herd census and flock data courtesy o f CVERA

All maps from www.asthm acare.ie/im ages/m ap.jpg
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57% of the land in Connaught is classified as ‘difficult’ for agriculture, i.e., stony 

and infertile soils, steep slopes and rock outcrops. This compares to 44% in Munster 

and 24% in Leinster. Also mountain and coastal areas in the west are subject to high 

rainfall, lower temperatures and a shorter growing season. Moreover, small farm 

size and fragmentation are particular issues in the west (Lafferty et al., 1999:13). 

Pasture is particularly important in east Connaught with more upland areas used for 

rough grazing. Suckler cows are important to the area; in 1991 almost half o f the 

total herd o f suckler herds was contained in three regions: Border (west), West and 

Mid-West. Suckler cows tend to be associated, for the most part, with those areas 

where the structural impediments to farming are greatest (Lafferty et al, 1999:87). 

Beef production is important to the region, with high concentrations o f specialist 

beef farms in Mayo, north Roscommon, Longford and west Galway (Lafferty et al., 

1999:89). Sheep rearing is significant in east Galway, south Roscommon and in the 

western mountain ranges (Lafferty et al., 1999:103). Mixed farming is particularly 

evident in the lowlands o f east Galway and south Roscommon (Lafferty et al., 

1999:105).
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5.4.1 Region 1 -  Galway and Roscommon simulation results

Detailed simulation results for both scenarios in region 1 are contained in tables 5.3 

-  5.6; a brief summary o f the findings is contained below. For all simulations the 

discussion o f results is mainly focussed on the mean values however some reference 

is made to the distribution also.^® The combined total o f herds and animals in region 

1 are 23,000 and 1.37m respectively.

The overall mean values after 80 iterations conclude that stamping-out (SO) alone 

would appear to be more cost-effective than carrying it out in conjunction with a 

campaign o f emergency vaccination (SOCV) when direct costs only are examined.

Adopting a campaign SO only, 499 units were culled on average (with a standard 

deviation o f 331 units, 131 at the 5"’ percentile and 983 at the 95'^ percentile). This 

amounted to 17,377 animals destroyed on average over the course o f  the outbreak 

here. Average outbreak length was found to be 63 days (with a standard deviation o f 

25 days, 34 at the 5’’’ percentile and 109 at the 95"’ percentile). In terms o f 

dissemination o f the virus - on average 23 units were infected by airborne spread, 25 

by direct spread and 6 by indirect spread. 18 units were destroyed on average 

because they were detected positive (with a standard deviation o f 11 units, 6 at the 

5'*’ percentile and 33 at the 95"' percentile) and 481 because they were in the 

destruction ring (standard deviation was found to be 321 herds with 126 at the 5'*’

Note: The standard error is important here, the standard error o f  a method o f  measurement or 
estim ation is the estimated standard deviation o f  the error in that method. N am ely, it is the standard 
deviation o f  the difference between the measured or estimated values and the true values (it is itself 
an estimated value). It should be noted that these are found to be relatively large here.
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percentile and 941 at the 95“’ percentile). The total cost associated with destruction 

came to € 2 1.8m on average (with a standard deviation o f €17.5m, €5m at the 5'*’ 

percentile, and €44.9m at the 95'*’ percentile).

On the other hand SOEV led to the destruction o f 118 more herds with 617 units 

destroyed on average (with a standard deviation o f 369 u n its /’ 133 at the 5*'’ 

percentile and 1,240 at the 95*'’ percentile). This amounted to 2,401 more animals 

(19,778) on average. Vaccination (and subsequent slaughter) was carried out on 235 

holdings (standard deviation o f 339, 0 at the 5*'’ percentile and 958 at the 95*'’ 

percentile) with 10,318 animals vaccinated on average over the course o f an 

outbreak. In terms o f disease dissemination; 20 units were infected by airborne 

spread, 28 by direct spread and 5 by indirect spread, on average. 22 units were 

destroyed because they were detected positive (with a standard deviation o f 22 units 

also, 3 at the 5"’ percentile and 65 at the 95"’ percentile) and 595 (352 standard 

deviation, 131 at the 5'*’ percentile and 1,194 at the 95'*’ percentile) because they 

were in the destruction ring. The average outbreak length was found to be twelve 

days less at 51 days (with a standard deviation o f 17 days,^^ 32 at the 5”’ percentile 

and 78 at the 95"’ percentile), but overall destruction and vaccination costs came in 

at approximately €5m higher on average, at €26.6m, this was made up o f destruction 

costs totalling €26.4m and vaccination costs o f €153,986. Total costs were found to 

be €5.1m at the 5"' percentile and €58 .Im at the 95"’ percentile with a standard 

deviation o f €18.4m.

This is relatively similar to that found for SO alone, at 331 units.
This was found to be som ewhat sm aller than in the alternative SO only scenario, where the value 

was found to be 25 days.
The standard deviation in terms o f  costs was found to be statistically similar to that o f  SO alone, 

where the figure was found to be € 1 8.4m.
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In this high-density region then a campaign o f SO alone would appear to be more 

cost-effective (in terms o f control) however, the strategic use o f emergency 

vaccination does shorten the duration o f the outbreak.

189



Table 5.3: REGION 1 SO

Epidemiological statistics
Output (NOA = no. o f  units, NOA = no. o f  animals) Mean StdDev
NOU that are or become susceptible 23,665 0
NOA that are or become susceptible 1,368,015 0
NOU that are or become latent 50 30
NOA that are or become latent 2,275 1,601
NOU that are or become subclinical 27 16
NOA that are or become subclinical 1,324 873
NOU that are or become clinical 23 13
NOA that are or become clinical 1,164 762
NOU that are or become naturally immune 0 1
NOA that are or become naturally immune 18 66
No. of units destroyed 499 331
No. of anim als destroyed 17,377 18,448
No. of units infected by a irborne spread 23 16
No. of animals infected by a irborne spread 877 787
No. of units infected by direct contact spread 25 13
No. of anim als infected by direct contact spread 1,191 780
No. of units infected by indirect spread 6 4
No. of anim als infected by indirect spread 303 303
NOU directly exposed to any infected unit 43 23
NOA directly exposed to any infected unit 2,169 1,322
NOU indirectly exposed to any infected unit 114 58
NOA indirectly exposed to any infected unit 6,533 3,596
NOU directly exposed and successfijlly traced 18 10
NOA directly exposed and successfully traced 904 654
NOU indirectly exposed and successfully traced 34 19
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Low High p5 p25 p50 p75 p95
23,665 23,665 23,665 23,665 23,665 23,665 23,665

1,368,015 1,368,015 1,368,015 1,368,015 1,368,015 1,368,015 1,368,015
6 146 13 28 46 66 102

129 8,158 519 1,261 1,934 2,837 4,678
5 94 8 17 25 34 51

157 4,558 260 818 1,152 1,669 2,794
5 84 7 14 21 28 43

146 4,153 243 711 1,032 1,504 2,365
0 3 0 0 0 0 1
0 405 0 0 0 0 74

102 2,038 131 290 439 643 983
1,302 123,839 2,624 7,641 11,832 21,044 46,276

2 72 4 11 20 29 51
30 4,210 101 376 662 1,258 2,120

4 59 6 15 23 32 49
50 3,600 196 598 1,076 1,587 2,847

0 20 0 3 5 8 12
0 1,559 0 84 252 420 895
7 95 11 25 42 57 84

169 5,816 581 1,251 1,875 2,709 5,050
32 343 42 69 108 144 213

849 19,800 1,772 3,860 6,206 8,627 12,649
3 47 6 10 16 23 36

43 3,071 151 363 798 1,137 2,152
6 111 9 21 31 45 65



Mean SidDev
NOA indirectly exposed and successfully traced 1,973 1,157
NOU directly exposed that could have been traced 25 15
NOA directly exposed that could have been traced 1,258 896
NOU indirectly exposed that could have been traced 66 37
NOA indirectly exposed that could have been traced 3,870 2,295
No. o f units detected by clinical signs 19 12
No. of animals detected by clinical signs 1,036 679
NOU destroyed because they were detected positive 18 11
NOA destroyed because they were detected positive 975 630
NOU destroyed because they were in destruction ring 481 321
NOA destroyed because they were in destruction ring 16,402 17,962
NOU destroyed for any reason over the outbreak 499 331
No. o f animals destroyed for any reason over outbreak 17,377 18,448
No. o f iterations in which infected units detected 80 of 80 iterations
Day of first detection o f an infected unit 13 2
Day of first vaccination o f an infected unit n/a n/a
No. o f iterations in which active disease phase ended 15 2
Day of first destruction o f an infected unit 80 of 80 iterations
Length of active disease phase 62 24
No. o f iterations in which outbreak ended 80 of 80 iterations
Length of outbreak 63 25
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Low High p5 p25 p50 p75 p95
213 5,892 372 1,142 1,816 2,805 3,723

5 70 8 14 23 33 52
61 4,460 310 625 1,063 1,589 3,379
13 221 19 44 62 85 127

269 12,339 1,008 2,374 3,459 5,217 7,874
5 77 6 12 17 24 36

88 3,585 242 594 902 1,238 2,030
4 73 6 11 16 23 33

88 3,420 241 553 844 1,225 2,015
98 1,990 126 280 423 623 941

1,149 121,162 2,326 6,683 11,131 19,809 43,931
102 2,038 131 290 439 643 983

1,302 123,839 2,624 7,641 11,832 21,044 46,276

9 20 10 12 13 15 17
n/a n/a n/a n/a n/a n/a n/a
11 22 12 14 15 17 19

28 141 34 44 57 75 109

28 142 34 45 57 76 109



Table 5.4: REGION 1 SO

Economic statistics
€  Mean €  StdDev €  Low

Total cost o f cleaning and disinfection 12,294,877 8,166,268 2,514,504
Total cost o f Euthanasia 671,106 712,456 50,283
Total cost o f indemnification 6,938,516 6,916,434 752,140
Total cost o f carcass disposal 1,973,525 1,938,921 230,326
Destruction costs -  subtotal 21,878,024 17,573,334 3,547,253
Total destruction costs 21,878,024 17,573,334 3,547,253

192

€  High €  p5

50,240,776 3,229,412
4,782,662 101,352

46,976,522 1,386,020
13,187,128 389,890

115,187,088 5,021,195
115,187,088 5,021,195

€  p25 €  p50

7,155,243 10,822,228
295,086 456,933

3,414,256 5,001,465
1,005,794 1,404,124

12,099,971 18,021,683
12,099,971 18,021,683

€  p75 €  p95

15,857,399 24,227,986
812,700 1,787,162

8,783,722 14,912,021
2,514,041 4,222,386

27,516,190 44,916,944
27,516,190 44,916,944



Table 5.5: REGION 1 SOEV

Epidemiological statistics

Output (NOA = no. of units, NOA = no. of animals) Mean StdDev
NOU that are or become susceptible 23,665 0
NOA that are or become susceptible 1,368,015 0
NOU that are or become latent 50 37
NOA that are or become latent 2,235 1,815
NOU that are or become subclinical 34 29
NOA that are or become subclinical 1,794 1,615
NOU that are or become clinical 28 25
NOA that are or become clinical 1,587 1,526
NOU that are or become naturally immune 0 1
NOA that are or become naturally immune 21 53
NOU that are or become vaccine immune 134 247
NOA that are or become vaccine immune 6,353 12,830
No. of units destroyed 617 369
No. of anim als destroyed 19,778 18,337
No. of units infected by airborne spread 20 17
No. of anim als infected by a irborne spread 781 786
No. of units infected by direct contact spread 28 18
No. of anim als infected by direct contact spread 1,225 916
No. of units infected by indirect spread 5 5
No. of anim als infected by indirect spread 294 323
NOU directly exposed to any infected unit 52 36
NOA directly exposed to any infected unit 2,461 1,757
NOU indirectly exposed to any infected unit 124 105
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Low High p5 p25 p50 p75 p95
23,665 23,665 23,665 23,665 23,665 23,665 23,665

.368,015 1,368,015 1,368,015 1,368,015 1,368,015 1,368,015 1,368,015
4 184 9 24 42 68 119

146 9,110 263 972 1,580 3,159 6,423
4 154 7 14 24 42 93

87 8,421 219 654 1,219 2,339 5,056
3 131 5 12 19 33 81

87 8,300 169 573 1,030 1,990 4,100
0 4 0 0 0 1 1
0 374 0 0 0 11 86
0 1,038 0 0 0 146 765
0 76,612 0 0 0 6,623 30,036

30 2,094 133 370 494 827 1,240
768 125,343 3,358 9,021 13,176 27,284 50,361

0 77 1 7 16 28 57
0 3,467 32 233 575 914 2,739
4 97 5 13 25 37 54

37 5,092 148 578 965 1,710 2,812
0 24 0 2 4 6 14
0 1,443 0 54 156 425 1,006
6 181 13 25 45 66 110

181 9,712 414 1,137 2,283 3,223 5,305
19 616 33 58 95 161 277



Mean SldDev
NOA indirectly exposed to any infected unit 7,731 6,386
NOU directly exposed and successfully traced 24 20
NOA directly exposed and successfully traced 1,160 1,030
NOU indirectly exposed and successfully traced 34 31
NOA indirectly exposed and successfully traced 2,129 1,977
NOU directly exposed that could have been traced 35 28
NOA directly exposed that could have been traced 1,658 1,411
NOU indirectly exposed that could have been traced 68 61
NOA indirectly exposed that could have been traced 4,331 3,887
No. of units detected by clinical signs 23 23
No. of animals detected by clinical signs 1,410 1,465
NOU destroyed because they were detected positive 22 22
NOA destroyed because they were detected positive 1,354 1,449
NOU destroyed because they were in destruction ring 595 352
NOA destroyed because they were in destruction ring 18,423 17,331
No. o f units destroyed for any reason over outbreak 617 369
No. o f animals destroyed for any reason over outbreak 19,778 18,337
NOU vaccinated in rings around detected-infected 235 339
Total NOA vaccinated in rings around detected-infected 10,318 16,833
Day of first detection o f an infected unit 16 4
No. of iterations in which vaccine occurred 43 of 80 iterations
Day o f first vaccination o f an infected unit 35 6
No. of iterations in which destruction occurred 80 o f 80 iterations
No. of iterations in which the active disease phase ended 19 4
Length o f active disease phase 49 15
Length of outbreak 51 17
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Low High p5 p25 p50 p75 p95
829 33,220 1,538 3,513 6,195 9,811 18,879

0 108 5 11 20 30 58
0 4,930 85 349 968 1,498 3,308
2 M l 5 13 27 43 72

57 10,290 87 844 1,659 2,761 6,127
1 140 8 16 28 44 81
8 7,935 241 585 1,367 2,274 4,102
5 337 12 29 50 91 152

100 20,087 659 1,630 3,189 5,853 12,132
2 112 5 9 16 29 69

77 8,144 144 442 948 1,750 3,931
2 106 3 8 14 26 65

75 8,127 125 439 875 1,660 3,851
28 2,056 131 356 482 801 1,194

686 121,559 3,168 8,296 12,123 25,211 47,262
30 2,094 133 370 494 827 1,240

768 125,343 3,358 9,021 13,176 27,284 50,361
0 1,421 0 0 32 352 958
0 103,337 0 0 1,536 14,137 38,757

10 27 11 14 16 18 22

25 54 26 31 34 38 45

13 30 14 17 19 21 25
20 93 31 39 46 61 72
20 119 32 40 47 62 78



Table 5.6: REGION 1 SOEV

Economic statistics

Total cost o f cleaning and disinfection
Total cost o f Euthanasia
Total cost of indemnification
Total cost of carcass disposal
Destruction costs -  subtotal
Cost associated with vaccination site set-up
Total cost of vaccination
Vaccination costs -  subtotal
Total destruction and vaccination costs

€  Mean €  SldDev €  Low
15,198,266 9,098,586 739,560

763,811 708,192 29,660
8,155,260 6,803,769 288,747
2,337,833 1,905,030 80,865

26,455,170 18,274,961 1,138,832
142,327 205,215 0

11,659 19,021 0
153,986 223,038 0

26,609,156 18,482,868 1,138,832
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€  High €  p5 €  p25 €  p50 €  p75 €  p95
51,621,288 3,276,251 9,108,914 12,178,088 20,393,367 30,573,410

4,840,747 129,686 348,372 508,857 1,053,718 1,944,955
46,462,804 1,483,461 3,945,722 6,064,724 11,134,711 19,791,389
12,962,363 430,886 1,127,339 1,775,754 3,114,825 5,647,119

115,887,202 5,160,354 15,205,383 20,494,928 35,103,991 57,469,972
861,126 0 0 19,089 213,312 580,366
116,771 0 0 1,736 15,974 43,796
977,897 0 0 20,276 236,507 619,755

116,865,099 5,160,354 15,205,383 20,494,928 35,292,288 58,198,818



5.5 Region 2: Co. Cork -  a dairy region

This region in the south o f the 

country can be described as a 

dairy intensive region. It is the 

country’s largest county at 

750,758 hectares. The total 

number o f  cattle in the region is 

318,115 with an average herd 

size o f 52. This is a region o f a 

much lower herd density (46 

animals per km^).

Area (hectares) 750,758

Holdings 6,750

Sheep flocks 667

Total Sheep 26,625

Average flock size 40

Cattle herds 6,085

Total Cattle 318,115

Average herd size 52

Total herds/flocks 6,752

Total animals 344,667

Source: Herd census and flock data courtesy o f CVERA

This region enjoys very favourable climatic and soil conditions for dairying based 

on a long growing season with low costs o f housing and winter-feeding. Dairying

196

'  . Tyrorw

in  S*!»o LoAlrn M oisghan
^ c Cawan LofihM ayo F j> jc o fn m g ^ ^

lord M ea«i •

.G aluiay  . . .  t- iO jin n
^  Kililare

J’ Clare
/

LOOTOare
Caitoui

Laois mcMaJi
Tippt-vy 

I im#*nr;k KUkwny /

—,  K f t f t y

r ^ r ' " !

Rg. 5.2: County Cork

Table 5.7: Region 2 -Cork



has become a much speciaHsed type of farming -  by 1991 approximately 93% of all 

dairy cows were enumerated on 42,000 specialist farms. The south-west dairying 

region includes north and east Kerry, almost all of Cork, Limerick and substantial 

parts of Tipperary, Waterford and Kilkenny as well as south-west Clare (Lafferty et 

al., 1999:82).

5.5.1 Region 2 -  Cork, simulation results

Simulation results for both scenarios are contained in tables 5.8 -  5.11; a brief 

summary of the findings is contained below. The combined total of herds and 

animals in the region are 6,750 herds and 344,667 respectively.

The overall mean values after 80 iterations conclude that stamping-out in 

conjunction with emergency vaccination (SOEV) would appear to be more cost- 

effective than stamping-out alone (SO) in this case, when direct costs only are taken 

into account.

Adopting a campaign SO only, 967 units were destroyed (with a standard deviation 

of 597 units, 219 at the 5'*’ percentile and 1,982 at the 95"’ percentile). This 

amounted to the destruction of 39,108 animals on average over the course of the 

outbreak. Average outbreak length was 63 days (with a standard deviation of 25, 28 

at the 5*'’ percentile and 103 at the 95*'’ percentile). In terms of dissemination of the 

virus - 22 units were infected by airborne spread, 33 by direct spread and 7 by 

indirect spread on average. 38 units were destroyed on average because they were 

detected positive (with a standard deviation of 38, 2 at the 5*'’ percentile and 96 at the 

95"’ percentile) and 930 on average because they were in the destruction ring
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(standard deviation 563, 216 at the 5‘'’ percentile and 1,909 at the 95‘̂  percentile). 

The total cost associated with destruction came to €61m (with a standard deviation 

o f €38.9m, €14.2m at the 5'*’ percentile and €126.2m at the 95”’ percentile).

On the other hand SOEV resulted in the destruction on average o f 224 less herds at 

743 units (with a standard deviation o f 461, '̂^ 127 at the 5”’ percentile and 1,434 at 

the 95*'’ percentile) and 9,394 less animals (29,714) on average. Vaccination (and 

subsequent slaughter) was carried out on average on 349 holdings (with a standard 

deviation o f 456 units, 0 at the 5'*’ percentile and 1,129 at the 95*'’ percentile) with 

14,134 animals vaccinated. On average 15 units were infected by airborne spread, 

28 by direct spread and by 5 indirect spread. 27 units were destroyed because they 

were detected positive and 716 because they were in the destruction ring. The 

average outbreak length was found to be 9 days less at 54 days (with a standard 

deviation o f 21 days,^^ 19 at the 5*'’ percentile, 82 at the 95*'’ percentile) with an 

overall saving on average on destruction and vaccination costs o f €I4m  with total 

control costs amounting to €46.9m (standard deviation €30.2m,^^ €7.6m at the 5*'’ 

percentile, €90.9m at the 95*'’ percentile). The average total cost was made up o f 

€46.7m for destruction and €0.227m for vaccination.

In this low-density region then, examining direct costs alone, a campaign o f SOEV 

would appear to be more cost-effective (in terms o f control) than one o f SO alone.

There appears to be a much larger difference in this figure for region 2 than that estimated in the 
previous region, with a difference between SO and SOEV being 597 and 461 units respectively. A 
difference o f  30 w as noted in comparing these figures.

This figure is broadly similar to that found with SO alone, at 25 days.
This was found to be alm ost €9m  less when em ergency vaccination w as em ployed.
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The epidemiological and economic statistics are given in detail in the following 

tables:
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Table 5.8: REGION 2 - SO 
Epidemiological statistics

Output (NOA = no. o f  units, NOA  = no. o f  animals) Mean
NOU that are or become susceptible 6,750
NOA that are or become susceptible 344,667
NOU that are or become latent 60
NOA that are or become latent 2,526
NOU that are or become subclinical 48
NOA that are or become subclinical 1,909
NOU that are or become clinical 43
NOA that are or become clinical 1,672
NOU that are or become naturally immune 0
NOA that are or become naturally immune 18
No. o f un its  destroyed 967
No. o f an im als destroyed 39,108
No. o f un its infected by a irb o rn e  sp read 22
No. o f an im als infected by a irb o rn e  sp read 1,230
No. o f un its infected by d irec t con tac t sp read 33
No. o f an im als infected by d irec t co n tac t sp read 1,150
No. o f un its infected by ind irec t sp read 7
No. o f an im als infected by in d irec t sp read 289
NOU directly exposed to any infected unit 55
NOA directly exposed to any infected unit 1,863
NOU indirectly exposed to any infected unit 150
NOA indirectly exposed to any infected unit 5,754
NOU directly exposed and successfully traced 32
NOA directly exposed and successfully traced 1,092
NOU indirectly exposed and successfully traced 44
NOA indirectly exposed and successfully traced 1,645
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StdDev. Low
0 6,750
0 344,667

52 2
2,297 31

45 2
1,946 81

42 2
1,762 81

1 0
35 0

597 127
25,632 4,734

21 1
1,161 21

27 1
1,000 10

7 0
319 0

47
1,642 55

140 9
5,536 270

30 1
1,045 17

41 0
1,624 0

High p5
6,750 6,750

344,667 344,667
278 7

11,548 211
250 4

10,463 144
237 3

9,738 115
3 0

169 0
2,849 219

129,120 8,943
98 2

5,541 71
153 4

4,857 93
33 0

1,515 0
263 7

7,757 169
799 16

31,046 567
175 4

5,199 99
217 3

8,147 92

p25 p50
6,750 6,750

344,667 344,667
19 43

748 1,639
13 31

451 1,092
11 29

335 918
0 0
0 0

491 868
18,887 34,592

7 15
354 842

14 25
414 839

2 5
39 202
22 42

639 1,411
46 97

1,650 3,541
11 23

353 770
13 31

562 1,020

p75 p95
6,750 6,750

344,667 344,667
95 148

4,095 6,682
81 120

3,191 5,107
74 109

2,753 4,820
1 1

15 92
1,376 1,982

55,646 84,737
33 60

1,800 3,511
51 80

1,691 3,207
11 21

423 956
73 138

2,547 5,147
239 362

8,850 15,467
43 84

1,547 3,152
65 119

2,531 4,136



Mean
NOU directly exposed that could have been traced 45
NOA directly exposed that could have been traced 1,553
NOU indirectly exposed that could have been traced 89
NOA indirectly exposed that could have been traced 3,340
No. of units detected by clinical signs 39
No. of animals detected by clinical signs 1,511
No. of units destroyed because detected positive 38
NOA destroyed because they were detected positive 1,437
NOU destroyed because they were in destruction ring 930
NOA destroyed because they were in destruction ring 37,671
NOU destroyed for any reason over the outbreak 967
No. of animals destroyed for any reason over the outbreak 39,108
Day o f first detection o f an infected unit 18
No. of iterations in which vaccine occurred 0 o f 80 iterations
Day o f first vaccination o f an infected unit n/a
No. of iterations in which destruction occurred 80 o f 80 iterations
No. of iterations in which the active disease phase ended 21
Day o f first destruction o f  an infected unit 80 o f 80 iterations
Length o f active disease phase 59
No. o f iterations in which outbreak ended 80 o f 80 iterations
Length of outbreak  63
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SldDev. Low High p5 p25 p50 p75 p95
41 2 241 6 17 34 62 114

1,433 27 7,219 118 519 1,230 2,161 4,412
85 0 495 7 28 59 130 230

3,299 0 19,221 241 952 2,087 4,875 8,545
39 1 224 2 11 25 69 100

1,644 71 9,082 105 314 829 2,590 4,393
38 1 220 2 10 25 65 96

1,590 71 8,872 105 252 760 2,484 3,972
563 126 2,629 216 478 843 1,307 1,909

24,190 4,663 120,248 8,822 18,490 34,025 53,433 82,097
597 127 2,849 219 491 868 1,376 1,982

25,632 4,734 129,120 8,943 18,887 34,592 55,646 84,737
5 8 31 12 14 17 20 27

n/a n/a n/a n/a n/a n/a n/a n/a

5 11 34 15 17 20 23 30

23 20 138 28 43 57 72 98

25 21 143 28 45 59 80 103



Table 5.9: REGION 2 SO

Economic statistics
€  Mean €  StdDev €  Low €  High €  p5 €p25 €p 5 0 €  p75 €  p95

Total cost o f cleaning and disinfection 23,846,496 14,714,701 3,130,804 70,233,548 5,391,392 12,091,806 21,397,936 33,914,989 48,849,171
Total cost o f Euthanasia 1,510,359 989,890 182,827 4,986,614 345,369 729,406 1,335,943 2,149,058 3,272,545
Total cost o f indemnification 27,251,137 17,724,808 3,303,554 88,604,469 6,244,992 13,222,252 23,945,683 38,618,188 57,129,928
Total cost o f carcass disposal 8,572,343 5,570,390 1,039,389 27,816,819 1,965,025 4,161,797 7,526,141 12,150,166 17,893,767
Destruction costs -  subtotal 61,180,335 38,969,613 7,656,574 191,641,450 14,215,662 30,334,685 54,781,370 86,394,647 126,208,634
Total destruction costs 61,180,335 38,969,613 7,656,574 191,641,450 14,215,662 30,334,685 54,781,370 86,394,647 126,208,634
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Table 5.10: REGION 2 SOEV

Epidemiological statistics

Output (NOA = no. o f  units, NOA = no. o f  animals) Mean
NOU that are or become susceptible 6,750
NOA that are or become susceptible 344,667
NOU that are or become latent 46
NOA that are or become latent 1,936
NOU that are or become subclinical 36
NOA that are or become subclinical 1,453
NOU that are or become clinical 32
NOA that are or become clinical 1,245
NOU that are or become naturally immune 0
NOA that are or become naturally immune 12
NOU that are or become vaccine immune 264
NOA that are or become vaccine immune 10,430
No. of units destroyed 743
No. of animals destroyed 29,714
No. of units infected by airborne spread 15
No. of animals infected by airborne spread 799
No. of units infected by direct contact spread 28
No. of animals infected by direct contact spread 1,049
No. of units infected by indirect spread 5
No. of animals infected by indirect spread 190
NOU directly exposed to any infected unit 47
NOA directly exposed to any infected unit 1,728
NOU indirectly exposed to any infected unit 116
NOA indirectly exposed to any infected unit 4,416
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StdDev. Low
0 6,750
0 344,667

49 0
2,184 0

44 1
1,938 71

41 1
1,799 71

1 0
34 0

400 0
16,407 0

461 127
19,642 4,734

16 0
888 0

28 0
1,140 0

7 0
255 0

52 0
2,058 0

142 4
5,500 77

High P5
6,750 6,750

344,667 344,667
291 2

13,124 46
268 2

12,080 91
258 2

11,567 81
3 0

211 0
1,939 0

83,234 0
2,554 127

113,090 4,734
93 1

5,343 22
161 2

6,670 37
42 0

1,526 0
295 6

11,962 139
868 14

32,951 521

p25 p50
6,750 6,750

344,667 344,667
15 35

518 1,328
10 24

324 826
6 21

263 658
0 0
0 0
0 24
0 630

382 739
14,425 28,230

4 10
172 577

10 22
276 790

1 4
25 115
14 36

447 1,264
34 70

1,080 2,848

p75 p95
6,750 6,750

344,667 344,667
64 106

2,729 4,243
47 97

1,806 3,675
40 84

1,465 3,112
0 1
0 80

394 1,021
15,591 41,181
1,027 1,434

41,504 58,024
19 37

1,037 1,878
41 68

1,524 2,349
6 11

288 534
68 112

2,354 4,354
157 328

5,667 12,441



Mean
NOA directly exposed and successfully traced 1,025
NOU indirectly exposed and successfully traced 34
NOA indirectly exposed and successfully traced 1,272
NOU directly exposed that could have been traced 38
NOA directly exposed that could have been traced 1,428
NOU indirectly exposed that could have been traced 67
NOA indirectly exposed that could have been traced 2,505
No. o f units detected by clinical signs 29
No. o f animals detected by clinical signs 1,113
NOU destroyed because they were detected positive 27
NOA destroyed because they were detected positive 1,035
NOU destroyed because they were in destruction ring 716
NOA destroyed because they were in destruction ring 28,678
No. of units destroyed for any reason over the outbreak 743
No. of animals destroyed for any reason over outbreak 29,714
NOU vaccinated in rings around detected-infected 349
NOA vaccinated in rings around detected-infected 14,134
Day of first detection o f an infected unit 18
No. o f iterations in which vaccine occurred 47 of 80 iterations
Day o f first vaccination o f an infected unit 33
No. of iterations in which destruction occurred 80 of 80 iterations
No. of iterations in which the active disease phase ended 21
Day o f first destruction o f an infected unit 80 of 80 iterations
Length o f active disease phase 52
No. o f iterations in which outbreak ended 80 of 80 iterations
Length of outbreak 54
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StdDev. Low High P5 p25 p50 p75 p95
1,369 0 7,852 11 229 683 1,349 2,889

40 0 230 2 9 21 44 92
1,491 0 7,718 50 343 831 1,783 3,498

46 0 275 4 9 27 52 95
1,866 0 11,000 110 320 966 1,897 3,739

82 0 494 4 18 44 86 189
3,191 0 18,792 130 621 1,430 3,264 6,817

39 1 247 1 6 17 35 73
1,671 71 10,953 71 249 623 1,296 2,839

37 1 240 1 5 17 33 68
1,592 71 10,509 71 201 573 1,138 2,589

430 126 2,383 126 378 716 977 1,375
18,345 4,663 105,933 4,663 14,220 27,510 40,330 55,524

461 127 2,554 127 382 739 1,027 1,434
19,642 A,1M 113,090 4,734 14,425 28,230 41,504 58,024

456 0 2,217 0 0 194 595 1,129
19,176 0 100,132 0 0 6,655 21,419 44,823

5 9 30 11 15 17 19 28

6 24 56 26 29 32 35 44

5 12 33 14 18 20 22 31

20 16 131 25 39 50 63 82

21 19 135 26 41 52 68 82



Table 5.11: REGION 2 SOEV

Economic statistics

Total cost of cleaning and disinfection
Total cost of Euthanasia
Total cost of indemnification
Total cost of carcass disposal
Destruction costs -  subtotal
Cost associated with vaccination site set-up
Total cost o f vaccination
Vaccination costs -  subtotal
Total destruction and vaccination costs

€  Mean €  StdDev €  Low
18,316,744 11,366,043 3,130,804

1,147,539 758,561 182,827
20,739,189 13,609,746 3,303,554

6,525,280 4,278,253 1,039,389
46,728,752 29,986,164 7,656,574

211,396 276,344 0
15,971 21,669 0

227,367 297,947 0
46,956,118 30,269,324 7,656,574
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€  High €  p5
62,961,208 3,130,804

4,367,536 182,827
77,308,048 3,303,554
24,258,207 1,039,389

168,894,998 7,656,574
1,343,502 0

113,149 0
1,456,651 0

170,351,650 7,656,574

€  p25 €  p50
9,423,227 18,205,502

557,074 1,090,223
10,136,243 19,880,841
3,180,482 6,262,719

23,375,970 46,018,144
0 117,261
0 7,520
0 125,828

23,375,970 46,262,909

€  p75 €  p95
25,305,278 35,342,340

1,602,865 2,240,904
29,148,663 40,022,205

9,178,484 12,573,132
64,691,129 90,178,581

360,570 683,992
24,204 50,651

385,710 734,643
64,983,967 90,922,821



5.6 Region 3: Laois/Offaly -  intensive fattening/mixed crops

This region in the midlands is important 

in the context o f  a national outbreak 

given the implications for disease spread.

The combined area o f  these two counties 

is 370,927 hectares. Herd density can be 

described as high (162 animals per km^).

Rg. 53: Region 3 - Counties Laois and Offaly

Table 5.12: Region 3 -  Laois and Offaly

Laois Offaly Total

Area (hectares) 171,946 198,981 370,927

Holdings 3,272 3,397 6,669

Sheep flocks 523 733 1,256

I'o ta l Sheep 65,638 99,901 165,539

Average flock size 126 136

Cattle herds 2,635 2,785 5,420

Total Cattle 222,135 212,441 434,576

Average herd size 84 76

Total herds/flocks 3,158 3,518 6,676

Total animals 287,773 312,342 600,115

Source: Herd census and flock data courtesy o f CVERA

D erry  

T y r o n e

^  3 1 ^  LeiWrn 
M av ^o  .

lord M eadh V

A -

^  Ol-»n»
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5.6.1 Region 3 -  Laois, Offaly simulation results

Simulation results for both scenarios are contained in tables 5.13 -  5.16; a brief 

summary o f the findings is contained below. The combined total o f holdings and 

animals in the region are 6,669 holdings and 599,716 respectively.

The overall mean values after 80 iterations conclude that stamping-out in 

conjunction with emergency vaccination (SOEV) would appear to be more cost- 

effective than stamping-out alone (SO) in this case.

Adopting a campaign SO only, 406 units were on average, destroyed over the course 

o f the outbreak (with a standard deviation o f 206, 115 at the 5’’’ percentile and 767 at 

the 95''' percentile). This on average led to the destruction o f 40,980 animals. 

Average outbreak length was found to be 45 days (with a standard deviation o f 13 

days, 23 at the 5”’ percentile and 66 at the 95'*’ percentile). In terms o f dissemination 

o f the virus -  on average 11 units were infected by airborne spread, 34 by direct 

spread and 5 by indirect spread. 17 units were destroyed on average because they 

were detected positive (standard deviation 13, 3 at the 5"’ percentile and 44 at the 

95*'’ percentile) and 389 because they were in the destruction ring (standard 

deviation 195, 112 at the 5"’ percentile and 747 at the 95*'' percentile). The total cost 

associated with destruction came to €39.6m on average (with a standard deviation of 

€19.6m, € 1 1.3m at the 5*'’ percentile and €72.5m at the 95"’ percentile).

On the other hand SOEV resulted, on average, in the destruction o f 27 less herds, at 

379 units (standard deviation 172, 145 at the 5'*’ percentile and 668 at the 95'’’

207



percentile) and 2,719 less animals (38,261). Vaccination (and subsequent slaughter) 

was carried out on 82 holdings on average over the course o f the outbreak (with a 

standard deviation o f 146, 0 at the 5”’ percentile and 391 at the 95'’’ percentile) with 

8,098 animals vaccinated. On average, 10 units were infected by airborne spread, 

31 by direct spread and by 5 indirect spread. 15 units were destroyed because they 

were detected positive and 364 because they were in the destruction ring. The 

average outbreak length was found to be the same at 45 days (with a standard 

deviation o f 12 days, 26 at the 5"’ percentile and 68 at the 95"’ percentile) with an 

overall saving on destruction and vaccination costs on average o f €2.63m with total 

control costs amounting to €36.97m (standard deviation o f €16.4m, €14.8m at the 5''’ 

percentile and €64.9m at the 95*'' percentile). On average €36.9m of this was

57associated with destruction and €58,000 with vaccination.

In this high-density region (unlike the previous high-density one) then a campaign o f 

SOEV would appear to be more cost-effective (in terms o f control and therefore 

direct costs) than one o f SO alone. There was no difference in the duration o f the 

outbreak however.

The epidemiological and economic statistics are contained in the following tables:

In terms o f  the standard deviations in reporting the results here, these looked broadly similar for 
both the length o f  the outbreak and total costs when control strategies are compared, how ever the 
difference in terms o f  units culled was som ewhat larger, at 30 approximately.
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Table 5.13: REGION 3 -  SO 
Epidemiological statistics
Output (NOA = no. o f  units, NOA = no. o f  animals)
NOU that are or become susceptible
NOA that are or become susceptible
NOU that are or become latent
NOA that are or become latent
NOU that are or become subclinical
NOA that are or become subclinical
NOU that are or become clinical
NOA that are or become clinical
NOU that are or become naturally immune
NOA that are or become naturally immune
NOU that are or become vaccine immune
NOA that are or become vaccine immune
No. of units destroyed
No. of anim als destroyed
No. of units infected by airborne spread
No. of anim als infected by airborne spread
No. of units infected by direct contact spread
No. of anim als infected by d irect contact spread
No. of units infected by indirect spread
No. o f anim als infected by indirect spread
NOU directly exposed to any infected unit
NOA directly exposed to any infected unit
NOU indirectly exposed to any infected unit
NOA indirectly exposed to any infected unit
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Mean StdDev Low High p5 p25 p50 p75 p95
6,669 0 6,669 6,669 6,669 6,669 6,669 6,669 6,669

599,716 0 599,716 599,716 599,716 599,716 599,716 599,716 599,716
48 26 1 119 4 30 51 66 87

6,682 3,454 19 15,163 667 4,046 6,621 9,203 11,813
30 19 2 88 4 17 31 40 60

4,374 2,754 184 12,325 499 2,075 4,232 6,210 9,450
24 16 2 78 3 13 22 32 53

3,419 2,459 184 10,895 454 1,738 2,864 4,592 8,195
0 1 0 3 0 0 0 0 1

39 123 0 973 0 0 0 0 130
0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0

406 206 54 1,062 115 250 408 510 767
40,980 18,963 7,363 100,637 14,047 26,079 40,182 50,678 74,085

11 7 0 36 1 6 11 14 23
1,632 1,117 0 5,167 75 875 1,512 2,247 3,420

34 18 0 78 3 21 36 48 64
4,709 2,403 0 10,112 510 2,827 4,890 6,442 8,446

5 4 0 14 0 2 5 8 11
746 573 0 2,174 0 252 701 1,118 1,666

58 33 1 138 6 32 57 81 119
8,176 4,426 62 19,682 1,169 4,593 8,074 10,979 15,243

123 78 9 335 23 59 116 161 266
17,627 11,702 1,001 52,817 2,586 8,334 16,374 23,086 39,200



NOU directly exposed and successfully traced
NOA directly exposed and successfully traced
NOU indirectly exposed and successfully traced
NOA indirectly exposed and successfully traced
NOU directly exposed that could have been traced
NOA directly exposed that could have been traced
NOU indirectly exposed that could have been traced
NOA indirectly exposed that could have been traced
No. of units detected by clinical signs
No. of animals detected by clinical signs
No. o f units destroyed because they were detected positive
NOA destroyed because they were detected positive
NOU destroyed because they were in the destruction ring
NOA destroyed because they were in the destruction ring
NOU destroyed for any reason over the outbreak
No. of animals destroyed for any reason over the outbreak
Day of first detection o f  an infected unit
No. o f iterations in which vaccine occurred
Day of first vaccination o f an infected unit
No. o f iterations in which the active disease phase ended
Length of active disease phase
Length o f  outbreak

Mean StdDev Low High P5 p25 p50 p75 p95
26 17 1 82 3 13 25 38 58

3,815 2,541 62 14,161 696 2,171 3,189 5,341 7,618
34 25 0 94 5 14 30 53 81

5,042 3,975 0 15,193 334 1,797 4,172 7,442 12,614
37 25 1 111 4 19 36 55 82

5,271 3,470 62 17,923 705 2,924 4,716 7,746 10,790
70 50 0 189 9 26 63 100 160

10,069 7,671 0 31,052 1,165 3,834 8,533 14,362 25,907
19 14 1 74 3 9 16 25 47

2,809 2,360 105 10,591 345 950 2,132 3,721 7,425
17 13 1 73 3 8 15 21 44

2,471 2,175 105 10,561 345 869 2,012 3,030 6,762
389 195 52 989 112 241 394 489 747

38,509 17,451 7,179 90,076 13,603 25,461 38,547 48,060 71,668
406 206 54 1,062 115 250 408 510 767

40,980 18,963 7,363 100,637 14,047 26,079 40,182 50,678 74,085
16

3ns
4 9 26 11 14 16 19 23

n/a n/a n/a n/a n/a n/a n/a n/a
19 4 12 29 14 17 19 22 26
44 13 14 75 23 36 43 51 64
45 13 15 75 23 36 44 52 66
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Table 5.14: REGION 3 SO

Economic statistics €  Mean €  StdDev f  Low

Total cost o f cleaning and disinfection 10,016,724 5,081,630 1,331,208
Total cost o f Euthanasia 1,582,659 732,344 284,359
Total cost o f indemnification 21,553,567 10,613,491 3,130,361
Total cost of carcass disposal 6,496,861 3,234,700 903,808
Destruction costs -  subtotal 39,649,810 19,654,744 5,649,736
Total destruction costs 39,649,810 19,654,744 5,649,736
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€  High €  p5 €  p25

26,180,424 2,834,980 6,163,000
3,886,601 542,509 1,007,181

55,959,328 6,152,319 13,480,240
17,030,070 1,787,480 4,010,698

103,056,423 11,318,356 24,659,714
103,056,423 11,318,356 24,659,714

€  p50 €  p75 p95

10,058,016 12,578,683 18,905,619
1,551,829 1,957,165 2,861,159

21,283,639 27,569,844 39,306,967
6,439,934 8,358,143 11,878,095

39,282,412 50,422,452 72,518,048
39,282,412 50,422,452 72,518,048



Table 5.15: REGION 3 -  SOEV
Epidemiological statistics

Output (NOA = no. o f  units, NOA = no. o f  animals) Mean
NOU that are or become susceptible 6,669
NOA that are or become susceptible 599,716
NOU that are or become latent 44
NOA that are or become latent 6,300
NOU that are or become subclinical 26
NOA that are or become subclinical 3,887
NOU that are or become clinical 21
NOA that are or become clinical 3,125
NOU that are or become naturally immune 0
NOA that are or become naturally immune 40
NOU that are or become vaccine immune 11
NOA that are or become vaccine immune 1,566
No. of units destroyed 379
No. of animals destroyed 38,261
No. of units infected by airborne spread 10
No. of animals infected by airborne spread 1,582
No. of units infected by direct contact spread 31
No. of animals infected by direct contact spread 4,349
No. of units infected by indirect spread 5
No. of animals infected by indirect spread 682
NOU directly exposed to any infected unit 54
NOA directly exposed to any infected unit 7,724
NOU indirectly exposed to any infected unit 114
NOA indirectly exposed to any infected unit 16,463
NOU directly exposed and successfully traced 24
NOA directly exposed and successfully traced 3,343
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StdDev Low High P5
0 6,669 6,669 6,669
0 599,716 599,716 599,716

28 4 121 7
3,930 404 17,825 1,020

20 3 95 6
3,117 278 14,827 604

17 2 77 5
2,807 184 13,098 548

1 0 3 0
93 0 436 0
33 0 210 0

4,161 0 22,360 0
172 54 825 145

15,785 7,363 75,579 17,236
7 0 36 1

1,264 0 5,637 83
19 3 83 6

2,596 404 10,924 644
4 0 15 0

641 0 3,064 0
38 7 168 13

5,475 740 23,809 1,659
96 10 367 21

13,762 900 52,116 2,710
19 3 87 4

2,746 139 11,989 540

p25 p50 p75 p95
6,669 6,669 6,669 6,669

599,716 599,716 599,716 599,716
25 39 57 101

3,720 5,708 8,409 14,022
13 20 36 73

1,669 2,906 4,870 9,911
10 15 27 59

1,310 2,126 4,011 9,115
0 0 0 2
0 0 0 254
0 0 0 67
0 0 0 10,653

262 335 502 668
27,595 34,194 48,360 66,495

5 9 13 25
680 1,341 2,091 4,164

17 28 41 68
2,342 3,946 5,921 9,321

2 3 6 12
163 492 1,083 1,790
28 44 68 127

3,950 6,244 8,959 19,258
53 72 149 338

7,635 10,857 21,101 49,102
12 17 33 61

1,297 2,519 4,901 8,653



Mean StdDev Low High p5 p2S pSO p7J pPS
NOU indirectly exposed and successfully traced 31 28 1 129 4 12 21 37 98
NOA indirectly exposed and successfully traced 4,531 4,094 82 19,605 516 1,585 3,255 5,390 13,214
NOU directly exposed that could have been traced 34 27 5 126 7 17 25 43 87
NOA directly exposed that could have been traced 4,834 3,988 406 18,032 825 1,846 3,468 6,187 12,454
NOU indirectly exposed that could have been traced 63 57 5 249 9 25 43 76 198
NOA indirectly exposed that could have been traced 9,148 8,268 219 35,877 1,067 3,675 6,237 11,115 27,099
No. o f units detected by clinical signs 17 14 2 68 5 8 11 21 52
No. of animals detected by clinical signs 2,494 2,496 184 11,689 440 1,047 1,431 3,186 8,043
NOU destroyed because they were detected positive 15 13 1 64 3 7 10 18 46
NOA destroyed because they were detected positive 2,257 2,401 105 11,506 353 851 1,222 2,998 7,877
NOU destroyed because they were in the destruction ring 364 161 53 788 142 256 326 478 620
NOA destroyed because they were in the destruction ring 36,005 14,061 7,258 70,750 16,801 26,240 33,087 45,119 58,449
No. o f units destroyed for any reason over the outbreak 379 172 54 825 145 262 335 502 668
NOA animals destroyed for any reason over the outbreak 38,261 15,785 7,363 75,579 17,236 27,595 34,194 48,360 66,495
NOU vaccinated in rings around detected-infected 82 146 0 602 0 0 0 119 391
Total NOA vaccinated in rings around detected-infected 8,098 14,406 0 54,457 0 0 0 10,455 39,548
Day of first detection o f an infected unit 
No. o f iterations in which vaccine occurred

16
25 of 80 iterations

4 10 27 11 13 15 18 23

Day of first vaccination of an infected unit 
No. of iterations in which destruction occurred

32
80 of 80 iterations

6 23 53 25 28 30 35 40

No. of iterations in which the active disease phase ended 
Day of first destruction o f  an infected unit

19
80 of 80 iterations

4 13 30 14 16 18 21 26

Length o f active disease phase 45 12 17 72 26 36 42 55 65
Length of outbreak 45 12 17 72 26 37 43 56 68
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Table 5.16: REGION 3 -S O E V

Economic statistics €  Mean €Std. Dev €  Low €  High €  p5 €p25 € p 5 0  € p  75 €p95

Total cost o f cleaning and disinfection 9,335,096 4,230,103 1,331,208 20,337,900 3,569,610 6,446,498 8,258,420 12,362,978 16,473,699
Total cost o f Euthanasia \ ,A l l ,651 609,632 284,359 2,918,861 665,654 1,065,709 1,320,553 1,867,644 2,568,039
Total cost of indemnification 20,059,809 8,835,427 3,130,361 41,919,338 8,226,323 13,914,657 17,619,81225,685,243 35,131,332
Total cost o f carcass disposal 6,043,182 2,693,019 903,808 12,751,892 2,434,693 4,154,400 5,300,080 7,760,589 10,598,069
Destruction costs -  subtotal 36,915,744 16,357,272 5,649,736 77,927,992 14,896,280 25,567,985 32,348,98647,765,527 64,677,461
Cost associated with vaccination site set-up A9J31 88,612 0 364,812 0 0 0 72,114 237,037
Cost o f vaccination 9,151 16,279 0 61,536 0 0 0 11,814 44,689
Vaccination costs -  subtotal 58,888 104,854 0 426,348 0 0 0 83,650 281,726
Total destruction and vaccination costs 36,974,632 16,441,766 5,649,736 78,354,340 14,896,280 25,567,985 32,348,98647,930,445 64,974,977
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5.7 Region 4: Cavan

This county bordering the North 

covers an area o f  193,188 hectares. 

As pigs are important in the 

dissemination o f  FMD virus, 

analysing the impact o f an outbreak 

in this region both with and without 

pigs is important. 175 pig herds are 

taken in to account in the second 

analysis. Again the area can be 

described as being o f  a fairly high 

herd density (150 animals per km^).

Table 5.17: Region 4 -  Co. Cavan

Area (hectares) 193,188

Holdings 5,207

Sheep flocks 789

Total Sheep 55,839

Average flock size 71

Cattle herds 4,765

Total Cattle 242,284

Average herd size 51

Total herds/flocks 5,554

Total animals 289,123

Source: Herd census and flock data courtesy o f CVERA

Pig production has become highly specialised and dominated by a small number o f

very large producers. In 1973 the average size o f a herd was 29 animals, by 1983

this had increased to 114 and by 1997 it was 846, indicating the ‘industrialisation’
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associated with pig production (Lafferty et al., 1999:110). O f the 1,167 pig herds in 

the country 15% o f these are in Co. Cavan; this numbers 780,225 pigs (61% of the 

country total).

5.7.1 Region 4 -  Cavan (without pigs) simulation results

Simulation results for both scenarios are contained in tables 5.18 -  5.21; a brief 

summary o f the findings is contained below. The combined total o f holdings and 

animals in the region are 5,207 holdings and 289,123 respectively.

The overall mean values after 80 iterations conclude that stamping-out alone (SO) 

would appear to be more cost-effective than stamping-out in conjunction with 

emergency-vaccination (SOEV) in this case.

Adopting a campaign SO only led to, on average, the destruction o f 891 units (with a

standard deviation o f 568 units, 180 at the 5''' percentile and 1,943 at the 95”'

percentile). This totalled 46,155 animals on average over the course o f the outbreak.

Average outbreak length was found to be 66 days (with a standard deviation o f 25

days, 31 at the 5'*’ percentile and 109 at the 95”’ percentile). In terms o f

dissemination o f the virus -  on average, 32 units were infected by airborne spread,

38 by direct spread and 8 by indirect spread. 45 units were destroyed because they

were detected positive on average (standard deviation 49, 5 at the 5”’ percentile and

141 at the 95'*’ percentile) and 846 because they were in the destruction ring

(standard deviation 522, 175 at the 5'*’ percentile and 1,806 at the 95"’ percentile).

The total cost associated with destruction came to €64m on average (with a standard

deviation o f €40.7m, €13m at the 5'^ percentile and € 137.9m at the 95*'’ percentile).
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On the other hand SOEV resulted in the destruction of 372 more herds on average at 

1,263 (with a standard deviation of 704,^^ 361 at the 5'’’ percentile and 2,912 at the 

95"’ percentile) and 18,750 more animals on average at 64,905. Vaccination (and 

subsequent slaughter) was carried out on 733 holdings (standard deviation 758, 0 at 

the 5'*’ percentile and 2,487 at the 95'^ percentile) with 37,819 animals vaccinated on 

average. 25 units were infected by airborne spread, 28 by direct spread and 6 by 

indirect spread. 40 units were destroyed on average because they were detected 

positive (standard deviation 42, 4 at the 5'  ̂ percentile and 141 at the 95*'’ percentile) 

and 1,222 because they were in the destruction ring. The average outbreak length 

was found to be longer at 74 days (with a standard deviation of 30 days,^’ 37 at the 

5*'’ percentile and 142 at the 95'*’ percentile). This option proved more costly with an 

overall increase on destruction and vaccination costs o f €27m, with total control 

costs amounting to €91.4m on average (with a standard deviation of €51m,^*  ̂€26.7m 

at the 5*'’ percentile and €209. Im at the 95* percentile). €90.9m corresponded, on 

average to destruction costs and €487,123 to vaccination.

In this high-density region then as in region 1 a campaign of SO would appear to be 

more cost-effective (in terms of direct control costs) than that of SOEV. The 

employment of emergency vaccination in this case did not as the theory would 

suggest shorten the duration of the outbreak. It should be pointed out that the 

vaccination costs are relatively small (when compared to those of destruction) 

however its employment does not have the desired effect o f closing-in on the disease

This figure was found to be a good deal larger than that with SO alone, at 568,
The standard deviation in outbreak length without vaccination w as found to be relatively similar, at 

25 days.
“  In terms o f  cost, the standard deviation with stamping-out alone was found to be som ew hat less at 
€ 4 0 .7m.
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as perhaps expected. The epidemiological and economic statistics for these 

simulations are contained in the following tables:
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TABLE 5.18 -  REGION 4 SO
Epidemiological statistics

Output (NOA = no. o f  units, NOA = no. o f  animals) M ean StdD ev
NOU that are or become susceptible 5,553 0
NOA that are or become susceptible 298,092 0
NOU that are or become latent 75 65
NOA that are or become latent 5,012 4,408
NOU that are or become subclinical 58 58
NOA that are or become subclinical 3,759 3,934
NOU that are or become clinical 52 54
NOA that are or become clinical 3,351 3,700
NOU that are or become naturally immune 1 1
NOA that are or become naturally immune 30 66
No. o f un its destroyed 891 568
No. o f an im als destroyed 46,155 29,818
No. o f un its infected by a irb o rn e  sp read 32 30
No. o f  an im als infected by a irb o rn e  sp read 2,371 2,179
No. o f un its infected by d irec t con tac t sp read 38 29
No. o f an im als infected by d irec t con tac t sp read 2,317 1,909
No. o f un its infected by in d irec t sp read 8 8
No. o f an im als infected by in d irec t sp read 495 621
NOU directly exposed to any infected unit 65 51
NOA directly exposed to any infected unit 4,023 3,516
NOU indirectly exposed to any infected unit 168 160
NOA indirectly exposed to any infected unit 10,616 10,182
NOU directly exposed and successfully traced 37 31
NOA directly exposed and successfully traced 2,201 2,166
NOU indirectly exposed and successfully traced 48 46
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Low High P5 p25 p50 p75 p95
5,553 5,553 5,553 5,553 5,553 5,553 5,553

298,092 298,092 298,092 298,092 298,092 298,092 298,092
0 322 10 30 54 109 201
0 20,029 359 1,736 3,856 7,031 13,933
1 293 5 19 36 92 171

31 18,290 162 868 2,463 5,263 12,097
1 283 5 17 33 81 155

31 17,894 162 761 1,960 4,688 10,507
0 5 0 0 0 1 2
0 337 0 0 0 26 162

52 2,739 180 432 767 1,230 1,943
2,694 139,909 8,676 23,269 39,943 63,809 100,468

0 160 2 12 20 43 95
0 10,740 142 686 1,720 3,386 6,367
0 131 5 18 32 57 97
0 8,745 176 897 2,045 3,214 5,991
0 43 0 2 5 11 22
0 3,234 0 105 226 663 1,622
0 229 6 29 50 90 163
0 18,113 228 1,477 3,123 5,401 10,282
4 768 18 55 122 237 484

76 47,926 887 3,242 7,491 16,129 31,405
0 148 2 16 28 48 93
0 10,933 79 593 1,662 2,958 6,746
0 224 5 17 33 66 139



Mean StdDev
NOA indirectly exposed and successfully traced 2,983 2,946
NOU directly exposed that could have been traced 52 43
NOA directly exposed that could have been traced 3,089 2,903
NOU indirectly exposed that could have been traced 97 91
NOA indirectly exposed that could have been traced 6,171 5,978
No. of units detected by clinical signs 48 51
No. o f animals detected by clinical signs 3,064 3,475
No. of units destroyed because detected positive 45 49
NOA destroyed because they detected positive 2,917 3,378
NOU destroyed because they in destruction ring 846 522
NOA destroyed because they in destruction ring 43,237 26,766
NOU destroyed for any reason over the outbreak 891 568
No. o f animals destroyed for any reason over o/b 46,155 29,818
Day of first detection o f an infected unit 19 4
Day o f first destruction o f  an infected unit 22 4
Length of active disease phase 64 24
Length of outbreak 66 25
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Low High P5 p25 p50 p75 p95
0 13,518 185 947 1,793 4,240 8,727
0 198 5 22 39 67 140
0 14,216 164 886 2,608 4,028 9,316
0 422 12 34 68 137 277
0 28,430 455 1,838 4,150 9,326 18,097
1 271 5 16 29 71 145

31 17,112 150 692 1,849 4,184 10,081
1 267 5 12 28 67 141

31 16,828 138 565 1,732 3,796 9,361
51 2,472 175 422 738 1,142 1,806

2,663 123,081 8,509 22,732 38,346 57,936 92,183
52 2,739 180 432 767 1,230 1,943

2,694 139,909 8,676 23,269 39,943 63,809 100,468
10 28 12 16 19 21 26
13 31 15 19 22 24 29
14 126 28 47 62 77 103
16 135 31 47 65 79 109



TABLE 5.19 -  REGION 4 SO
Economic costs €  Mean €  StdDev €  Low
Total cost of cleaning and disinfection 21,974,793 13,997,482 1,281,904
Total cost of Euthanasia 1,782,493 1,151,580 104,042
Total cost of indemnification 30,884,797 19,508,974 1,946,570
Total cost of carcass disposal 9,663,752 6,085,998 615,134
Destruction costs - subtotal 64,305,834 40,718,159 3,947,651
Total destruction costs 64,305,834 40,718,159 3,947,651
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€  High 
67,521,828 

5,403,286 
91,497,748 
28,539,903

192.962.764
192.962.764

€ p 5
4,426,267

335,054
6,266,098
1,980,045

13.007.463
13.007.463

€p25
10,649,664

898,639
16,053,815
5,042,908

32.941.959
32.941.959

€  p50  
18,895,758 

1,542,599 
26,349,193 

8,228,612
55.941.864
55.941.864

€  p75 
30,321,960 

2,464,313 
42,867,333 
13,412,618 
89,1 18,956 
89,118,956

€  p95 
47,909,929 

3,880,088 
65,664,919 
20,480,449

137.935.385
137.935.385



T able 5.20: R E G IO N  4 SO EV Epidem iological statistics
Output (NOA = no. o f  units, NOA = no. o f  animals) Mean StdDev
NOU that are or become susceptible 5,553 0
NOA that are or become susceptible 298,092 0
NOU that are or becom e latent 58 50
NOA that are or become latent 3,852 3,471
NOU that are or become subclinical 49 46
NOA that are or become subclinical 3,169 3,195
NOU that are or become clinical 45 44
NOA that are or become clinical 2,900 3,093
NOU that are or become naturally immune 0 1
NOA that are or become naturally immune 29 107
NOU that are or become vaccine immune 649 711
NOA that are or become vaccine immune 33,347 36,459
No. o f un its destroyed 1,263 704
No. o f  an im als destroyed 64,905 36,822
No. o f  un its infected by a irb o rn e  sp read 25 22
No. o f an im als infected by a irb o rn e  sp read 1,815 1,585
No. o f units infected by d irec t con tac t sp read 28 22
No. o f an im als infected by d irec t con tac t sp read 1,789 1,650
No. o f units infected by in d irec t sp read 6 7
No. o f an im als infected by in d irec t sp read 387 432
NOU directly exposed to any infected unit 47 41
NOA directly exposed to any infected unit 3,034 3,000
NOU indirectly exposed to any infected unit 149 137
NOA indirectly exposed to any infected unit 9,583 8,883
NOU directly exposed and successfully traced 29 26
NOU indirectly exposed and successfully traced 41 38
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Low High P5 p25 p50 p75 p95
5,553 5,553 5,553 5,553 5,553 5,553 5,553

298,092 298,092 298,092 298,092 298,092 298,092 298,092
4 222 8 19 45 78 163

71 15,680 420 1,005 3,174 5,272 11,019
3 199 5 15 37 66 151

83 14,850 188 742 2,265 4,476 10,131
2 198 5 12 33 63 145

54 14,789 161 568 2,007 4,002 9,550
0 2 0 0 0 1 2
0 845 0 0 0 17 102
0 2,591 0 0 462 1,007 2,351
0 132,804 0 0 24,092 52,915 119,815

181 3,132 361 720 1,184 1,667 2,912
8,817 166,050 18,897 35,701 60,362 86,152 151,340

0 98 3 7 20 33 73
0 6,856 168 546 1,420 2,596 4,953
1 103 4 11 24 38 75

26 7,825 135 536 1,273 2,445 4,871
0 32 0 2 4 8 22
0 1,877 0 76 280 518 1,134
1 205 7 16 38 67 132

42 15,358 235 838 2,018 3,969 8,755
8 620 23 48 112 184 448

342 39,290 1,293 3,048 7,210 12,245 27,126
0 138 4 8 21 41 83
2 171 4 15 31 52 115



Mean StdDev
NOA directly exposed and successfully traced 1,879 2,114
NOA indirectly exposed and successfully traced 2,637 2,592
NOU directly exposed that could have been traced 41 38
NOA directly exposed that could have been traced 2,638 2,776
NOU indirectly exposed that could have been traced 83 77
NOA indirectly exposed that could have been traced 5,420 5,170
No. o f  units detected by clinical signs 42 43
No. o f  animals detected by clinical signs 2,726 2,986
NOU destroyed  because they  detected  positive 40 42
NOA destroyed  because they detected  positive 2,610 2,894
NOU destroyed  because they in d es tru c tio n  ring 1,222 666
NOA destroyed  because they in d es tru c tio n  ring 62,295 34,244
NOU destroyed for any reason over the outbreak 1,263 704
NOA destroyed for any reason over the outbreak 64,905 36,822
NOU vaccinated in rings around detected-infected 733 758
NOA vaccinated in rings around detected-infected 37,819 39,170
Day o f  first detection o f  an infected unit 19 5
No. o f  iterations in which vaccine occurred 56 o f  80 iterations
Day o f  first vaccination o f  an infected unit 
No. o f  iterations in which the active disease phase

35 7

ended 22 5
Day o f  first destruction o f  an infected unit 80 o f  80 iterations
Length o f  active disease phase 64 23
No. o f  iterations in which outbreak ended 80 o f  80 iterations
Length o f o u tb rea k 74 30
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Low High P5 p25 p50 p75 p95
0 10,894 100 503 1,329 2,362 5,575

41 12,396 159 864 2,045 3,244 7,529
1 191 5 13 29 54 118

42 14,265 174 661 1,767 3,421 7,738
4 361 7 31 67 114 242

133 24,372 515 1,719 4,228 6,726 15,611
2 191 4 11 29 60 142

54 14,526 161 520 1,818 3,670 9,396
2 185 4 10 28 57 141

54 13,929 106 460 1,708 3,608 9,139
179 2,990 355 708 1,150 1,607 2,727

8,763 156,656 18,600 35,383 57,873 83,358 137,486
181 3,132 361 720 1,184 1,667 2,912

8,817 166,050 18,897 35,701 60,362 86,152 151,340
0 2,682 0 0 547 1,171 2,487
0 142,591 0 0 29,048 60,996 126,708

11 40 13 15 18 21 27

26 55 28 31 34 37 50

14 43 16 18 21 24 30

25 131 34 46 62 78 112

26 157 37 54 70 90 142



Table 5.21: REGION 4 SOEV
Economic statistics
Output
Total cost o f cleaning and disinfection
Total cost o f Euthanasia
Total cost o f indemnification
Total cost o f carcass disposal
Destruction costs - subtotal
Cost associated with vaccination site set-up
Total cost o f vaccination
Vaccination costs - subtotal
Total destruction and vaccination costs

€  Mean €  StdDev f  Low
31,124,999 17,365,839 4,462,012

2,506,640 1,422,053 340,513
43,631,601 24,198,366 6,371,915
13,660,595 7,553,795 2,013,628
90,923,834 50,515,877 13,188,068

444,387 459,243 0
42,736 44,262 0

487,123 503,452 0
91,410,957 51,007,927 13,188,068
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€  High €  p5 €  p25
77,210,064 8,905,535 17,755,603

6,412,851 729,820 1,378,782
108,852,251 12,987,999 24,302,745
33,964,258 4,078,332 7,632,738

226,439,424 26,701,685 51,591,685
1,625,292 0 0

161,128 0 0
1,780,233 0 0

228,217,966 26,701,685 51,591,685

€  p50 €  p75 €  p95
29,187,968 41,101,047 71,785,391

2,331,180 3,327,181 5,844,753
40,428,943 56,622,360 98,968,110
12,640,037 17,689,104 30,869,179
83,864,480 119,283,694 207,475,711

331,482 709,323 1,507,334
32,824 68,925 143,180

365,054 777,607 1,650,514
84,311,016 120,051,764 209,143,443



5.8 Region 4 -  Cavan (with pigs) simulation results

Simulation results for both scenarios are contained in tables 5.22 -  5.25; a brief 

summary of the findings is contained below. The addition of 175 pig herds (780,225 

animals) brings the combined total of holdings and animals in the region to 5,382 

and 1,069,348 respectively.

The overall mean values after 80 iterations conclude that SO would again appear to 

be more cost-effective in this region even when pigs are added in to the animal 

population.

In adopting a campaign SO only, 1,986 units on average were destroyed (standard 

deviation 1,262, 209 at the 5"’ percentile and 4,104 at the 95*'’ percentile). This 

involved the destruction of 353,847 animals over the course of the outbreak. 

Average outbreak length was 100 days (with a standard deviation of 50 days, 28 at 

the 5"’ percentile and 185 at the 95'*’ percentile). In terms of dissemination o f the 

virus - on average 77 units were infected by airborne spread, 63 by direct spread and 

36 by indirect spread. 133 units were destroyed because they were detected positive 

(standard deviation 130, 4 at the 5*'’ percentile and 381 at the 95”’ percentile) and 

1,852 (standard deviation 1,142, 206 at the 5''’ percentile and 3,739 at the 95'*’ 

percentile) because they were in the destruction ring. The total cost associated with 

destruction came to €188m on average (standard deviation €I39m, €I6.5m at the 5’̂  

percentile and €440m at the 95’̂  percentile).
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On the other hand SOEV resulted in the destruction o f 262 more herds (2,248) with 

a standard deviation o f 1,315^' (401 at the percentile and 4,224 at the 95"’ 

percentile). This involved the destruction o f 49,004 more animals (402,851) on 

average. Vaccination (and subsequent slaughter) was carried out on 1,605 holdings 

(standard deviation 1,343, 0 at the 5'^ percentile and 3,663 at the 95*'’ percentile) 

with 84,203 animals vaccinated. In terms o f dissemination o f virus; 49 units were 

infected by airborne spread, 47 by direct spread and 26 by indirect spread. 94 units 

were destroyed on average, because they were detected positive (standard deviation 

96, 3 at the 5*’’ percentile and 271 at the 95*'’ percentile) with 2,154 units culled 

because they were in the destruction ring. The average outbreak length w'as found to 

be seven days longer at 107 days (standard deviation 55,^^ 28 at the 5*'’ percentile 

and 190 at the 95'*’ percentile). Destruction and vaccination costs were found to be 

€27m higher at €215 (with a standard deviation o f €149.8 m , €30.8m at the 5*'’ 

percentile and €453.6m at the 95'*’ percentile). O f this € 2 14m related to destruction 

costs and € lm  to vaccination.

Again SO was found to be the more cost-effective control option when pigs are 

taken into account.

This very large figure is statistically similar when compared to that found for SO alone, which was 
found to be 1,262.
“  The standard deviation in terms o f  outbreak length was found to be five days longer than that o f  SO 
alone.

In terms o f  the differential between standard deviations for total costs across the tw o control 
strategies, the figure for SOEV was larger to the tune o f  approxim ately €10m , at €  149m.
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Table 5.22: REGION 4 + pigs SO Epidemiological statistics

Output (NOA = no. o f  units, NOA = no. o f  animals) Mean StdDev
NOU that are or become susceptible 5,727 0
NOA that are or become susceptible 1,077,848 0
NOU that are or become latent 172 146
NOA that are or become latent 90,383 167,376
NOU that are or become subclinical 153 142
NOA that are or become subclinical 75,954 141,128
NOU that are or become clinical 146 138
NOA that are or become clinical 69,672 127,563
NOU that are or become naturally immune 1 1
NOA that are or become naturally immune 336 940
No. of units destroyed 1,986 1,262
No. of anim als destroyed 353,847 344,978
No. of units infected by a irborne spread 77 69
No. of animals infected by airborne  spread 66,587
No. of units infected by direct contact spread 63 47
No. of anim als infected by d irect contact spread 48,201 101,513
No. of units infected by indirect spread 36 34
No. of anim als infected by indirect spread 22,084 50,202
NOU directly exposed to any infected unit 109 89
NOA directly exposed to any infected unit 82,176 144,570
NOU indirectly exposed to any infected unit 795 744
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Low High p5 p25 p50 p75 p95
5,727 5,727 5,727 5,727 5,727 5,727 5,727

1,077,848 1,077,848 1,077,848 1,077,848 1,077,848 1,077,848 1,077,848
1 602 9 44 150 257 442

36 705,882 640 13,264 41,159 65,425 637,725
1 575 4 32 121 231 418

500 701,768 865 12,131 38,651 61,614 366,642
1 568 4 26 110 224 404

500 697,229 865 8,961 35,599 60,319 355,188
0 6 0 0 1 2 4
0 6,292 0 0 3 136 1,376

60 4,608 209 794 2,060 2,832 4,104
7,304 1,012,165 24,073 86,716 206,009 688,609 962,823

1 294 4 20 66 110 207
36 319,922 178 2,273 7,169 11,861 42,109

0 198 3 23 54 92 147
0 605,357 179 8,084 21,708 35,140 336,204
0 150 2 6 29 61 98
0 327,497 50 2,808 10,588 22,798 43,862
2 411 6 38 95 148 250

18 909,942 1,021 13,605 33,526 66,677 387,925
15 3,224 30 147 608 1,165 2,081



Mean StdDev
NOA indirectly exposed to any infected unit 625,054 762,356
NOU directly exposed and successflilly traced 65 56
NOA directly exposed and successfully traced 47,669 99,009
NOU indirectly exposed and successfully traced 252 245
NOA indirectly exposed and successfully traced 220,316 321,365
NOU directly exposed that could have been traced 93 81
NOA directly exposed that could have been traced 73,253 139,047
NOU indirectly exposed that could have been traced 505 490
NOA indirectly exposed that could have been traced 432,651 597,795
No. o f units detected by clinical signs 137 133
No. of animals detected by clinical signs 58,077 95,303
NOU destroyed because they were detected positive 133 130
NOA destroyed because they were detected positive 
NOU destroyed because they were in the destruction

55,973 94,579

ring
NOA destroyed because they were in the destruction

1,852 1,142

ring 297,873 291,557
No. o f units destroyed for any reason over the outbreak 1,986 1,262
No. o f animals destroyed for any reason over the outbreak 353,847 344,978
Day of first detection o f an infected unit 12 4
No. o f iterations in which the active disease phase ended 15 4
Length o f active disease phase 94 45
Length of outbreak 100 50
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Low High p5 p25 p50 p75 p95
2,115 3,569,656 9,288 61,461 395,729 792,663 1,932,041

0 254 2 18 57 99 156
0 600,591 161 4,458 20,579 40,530 339,002
2 1,041 8 42 176 387 689

239 1,666,365 1,705 14,536 88,533 316,139 861,801
1 364 2 25 79 127 220
8 904,672 217 9,910 28,982 60,186 362,599
8 2,082 14 89 371 757 1,386

400 2,993,070 5,239 33,562 181,216 578,844 1,454,356
1 545 4 23 102 208 390

500 379,056 698 7,931 32,900 52,600 346,395
1 529 4 21 98 201 381

500 375,121 628 7,931 30,092 49,088 344,642

59 4,079 206 774 1,939 2,638 3,739

6,804 908,887 23,376 75,442 173,700 550,122 872,289
60 4,608 209 794 2,060 2,832 4,104

7,304 1,012,165 24,073 86,716 206,009 688,609 962,823
4 23 6 9 12 15 18
7 26 9 12 15 18 21

11 188 28 58 92 127 164
12 205 28 59 104 136 185



Table 5.23: REGION 4 + pigs SO

Economic statistics €  Mean f  StdDev €  Low €  High €  p5 €p25 €p50 €p75 €p95
Total cost of cleaning and 
disinfection 48,946,854 31,106,322 1,479,120 113,596,416 5,162,129 19,567,525 50,770,794 69,820,627 101,181,669
Total cost of Euthanasia 13,665,557 13,323,037 282,080 39,089,812 929,697 3,348,953 7,956,068 26,594,070 37,184,222
Total cost of indemnification 99,858,000 77,847,2922,733,517 261,230,405 8,266,103 30,316,907 81,638,868 178,549,818 241,627,063
Total cost o f carcass disposal 26,087,277 18,917,970 775,073 66,064,511 2,387,710 8,671,706 23,486,525 41,924,789 60,441,552
Destruction costs -  subtotal 188,557,688 139,195,103 5,269,790 479,981,145 16,579,328 60,790,316 166,042,244 312,488,055 440,434,506
Total destruction costs 188,557,688 139,195,103 5,269,790 479,981,145 16,579,328 60,790,316 166,042,244 312,488,055 440,434,506
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Table 5.24: REGION 4 + di2 s SOEV Epidemiological statistics
Output (NOA = no. o f  units, NOA = no. o f  animals) Mean StdDev
NOU that are or become susceptible 5,727 0
NOA that are or become susceptible 1,077,848 0
NOU that are or become latent 120 110
NOA that are or become latent 56,448 119,958
NOU that are or become subclinical 110 106
NOA that are or become subclinical 49,616 114,302
NOU that are or become clinical 104 104
NOA that are or become clinical 47,352 111,308
NOU that are or become naturally immune 1 1
NOA that are or become naturally immune 242 741
NOU that are or become vaccine immune 1,498 1,304
NOA that are or become vaccine immune 77,328 67,955
No. of units destroyed 2,248 1,315
No. of anim als destroyed 402,851 371,095
No. of units infected by airborne spread 49 47
No. of anim als infected by airborne  spread 12,132 46,790
No. of units infected by direct contact spread 47 40
No. o f anim als infected by d irect contact spread 20,053 42,029
No. of units infected by indirect spread 26 25
No. of anim als infected by indirect spread 25,607 69,376
NOU directly exposed to any infected unit 81 75
NOA directly exposed to any infected unit 39,209 64,985
NOU indirectly exposed to any infected unit 610 604
NOA indirectly exposed to any infected unit 628,027 1,276,398
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Low High p5 p25 p50 p75 p95
5,727 5,727 5,727 5,727 5,727 5,727 5,727

,077,848 1,077,848 1,077,848 1,077,848 1,077,848 1,077,848 1,077,848
3 422 6 31 91 196 311

141 718,556 387 6,347 24,098 53,180 352,760
2 409 6 23 77 182 293

561 705,200 706 4,831 22,282 46,740 101,464
1 397 4 21 71 177 286

500 676,659 603 4,410 20,689 45,208 94,110
0 6 0 0 0 2 4
0 6,176 0 0 0 133 932
0 3,806 0 5 1,501 2,780 3,537
0 202,608 0 513 74,742 145,453 186,128

152 4,560 401 1,067 2,291 3,545 4,224
21,705 1,011,653 48,276 114,482 205,928 904,953 978,514

1 178 2 12 34 79 134
36 305,823 116 834 3,018 8,630 15,713

2 164 4 14 37 73 116
104 365,670 221 2,789 11,658 24,019 47,157

0 92 1 5 17 41 74
0 351,643 13 1,529 9,432 18,922 52,516
2 325 6 22 64 128 224

191 435,727 572 6,710 22,614 45,040 114,706
12 2,517 28 115 448 1,007 1,688

2,996 10,155,488 9,969 46,984 219,082 717,124 2,034,463



Mean
NOU directly exposed and successfully traced 49
NOA directly exposed and successfully traced 23,277
NOU indirectly exposed and successfully traced 195
NOA indirectly exposed and successfully traced 197,406
NOU directly exposed that could have been traced 70
NOA directly exposed that could have been traced 34,749
NOU indirectly exposed that could have been traced 389
NOA indirectly exposed that could have been traced 401,403
No. of units detected by clinical signs 97
No. o f animals detected by clinical signs 38,936
NOU destroyed because they were detected positive 94
NOA destroyed because they were detected positive 33,190
NOU destroyed because they were in destruction ring 2,154
NOA destroyed because they were in destruction ring 369,662
No. of units destroyed for any reason over the outbreak 2,248
No. of animals destroyed for any reason over outbreak 402,851
NOU vaccinated in rings around detected-infected 1,605
NOA vaccinated in rings around detected-infected 84,203
Day o f first detection o f an infected unit 11
No. of iterations in which vaccine occurred 61 of 80 iterations
Day o f first vaccination o f an infected unit 27
No. o f iterations in which destruction occurred 80 of 80 iterations
No. o f iterations in which the active disease phase ended 14
Length of active disease phase 81
Length of outbreak 107
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SidDev Low High P5 p25 p50 p75 p95
48 0 208 1 10 35 81 134

47,151 0 395,510 61 2,251 10,315 31,216 66,683
199 3 806 7 34 136 318 555

406,204 114 3,076,685 2,396 12,748 55,805 162,509 718,873
69 1 291 3 14 52 116 200

63,252 12 426,443 157 A,112 17,136 41,567 107,857
396 3 1,613 10 66 276 641 1,118

780,585 189 5,845,169 3,008 25,957 109,921 468,738 1,534,165
98 1 378 4 18 65 165 211

91,643 500 607,860 579 3,730 16,005 35,204 77,715
96 1 368 3 17 62 162 271

70,985 500 351,427 579 2,995 15,364 29,836 66,327
1,229 151 4,330 398 1,054 2,232 3,367 3,962

342,334 21,205 960,994 47,549 112,273 193,042 777,220 931,073
1,315 152 4,560 401 1,067 2,291 3,545 4,224

371,095 21,705 1,011,653 48,276 114,482 205,928 904,953 978,514
1,343 0 3,943 0 168 1,681 2,918 3,663

72,146 0 249,758 0 8,998 81,502 152,789 196,724
5 2 24 5 8 11 15 18

7 18 55 20 22 25 28 38

5 5 27 8 11 14 18 21
35 13 163 27 52 81 108 128
55 14 203 28 60 108 160 190



Table 5.25: REGION 4 + pigs SOEV

Economic statistics

Total cost o f  cleaning and disinfection
Total cost o f  Euthanasia
Total cost o f  indemnification
Total cost o f  carcass disposal
Destruction costs - subtotal
Cost associated with vaccination site set-up
Total cost o f  vaccination
Vaccination costs - subtotal
Total destruction and vaccination costs

€  Mean eStdDev €  Low
55,409,376 32,426,267 3,747,104
15,558,124 14,331,682 838,247

113,711,573 83,714,521 7,304,773
29,708,203 20,254,695 2,015,815

214,387,276 149,032,731 13,905,939
972,903 813,830 0

95,149 81,525 0
1,068,052 894,978 0

215,455,328 149,894,636 13,905,939
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€  High € p 5
112,413,120 9,892,848
39,070,039 1,864,427

261,327,894 16,016,299
66,113,546 4,401,812

478,406,907 30,804,753
2,389,458 0

282,227 0
2,626,766 0

481,033,673 30,804,753

€p25 €p50
26,303,684 56,477,732

4,421,285 7,952,939
42,674,562 86,920,827
11,972,577 25,074,776
85,531,521 177,413,814

101,808 1,018,383
10,167 92,097

111,975 1,111,732
85,569,275 178,535,706

€p75 €p95
87,397,503 104,120,187
34,949,266 37,790,216

214,168,037 247,272,944
52,263,086 62,022,097

386,537,693 451,205,445
1,768,005 2,219,596

172,651 222,298
1,937,118 2,442,736

388,485,499 453,650,252



5.9 Discussion of results

In terms o f an overall conclusion on the simulation results, it would appear that a 

policy o f SOEV is most appropriate for use in the event o f an outbreak in a low- 

density region like region 2 (Cork). This is however at odds with the general 

literature which usually deems the use o f vaccination to be appropriate in more 

densely populated regions or more large scale outbreaks. During this simulation, an 

overall cost-saving (when direct costs only are taken into account) o f €14m and a 

reduction in the duration o f the outbreak o f on average o f nine days is made here. 

However, it would appear when comparing results across regions that issues other 

than herd density are important in choosing an appropriate strategy o f  control. Other 

region specific issues such as production type and structural differences may need to 

be taken into account also.

Although the strategic use o f vaccination in the high-density region 1 (Galway, 

Roscommon) also led to an overall reduction in the duration o f the outbreak of 

twelve days, the total costs o f control associated with vaccination and destruction in 

this case were found to be €5m higher when this policy was adopted. The relevant 

question in both o f these cases is whether the subsequent trade and general 

economy-wide implications o f using emergency vaccination add to the costs further 

or does the shortening o f the outbreak lead to a quicker re-opening o f markets and 

lower economy-wide costs? As in this case vaccinates are subsequently slaughtered 

there are no additional penalties in terms o f officially getting back in to markets 

when vaccination is used but as costs are found to be higher when vaccination is 

employed in region 1 and lower in region 2 therefore stamping-out alone is the
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preferred option in the former and stamping-out in conjunction with emergency 

vaccination in the latter.

While the strategic use o f emergency vaccination should in theory (as our hypothesis 

would suggest) help to dampen an outbreak and thus lessen its magnitude, this does 

not seem to be the case in region 1. Because a larger radius (around all IP’s and 

DCP’s) is taken into account when modelling the use o f emergency vaccination, it is 

not surprising that more are culled in this high-density area; however the hypothesis 

that vaccination would lead to fewer occurrences o f the disease and hence less 

destruction does not seem to be the case here, with the destruction of, on average 

118 more herds.

In region 3 (Laois, Offaly), another high herd density region the average length o f 

outbreak was found to be 45 days in both cases. However, a cost-saving o f €2.63m 

was made when SOEV was applied. 27 fewer herds were destroyed when SOEV 

was applied. In this high-density region (unlike the previous high-density one), a 

campaign o f  SOEV would appear to be more cost-effective (in terms o f control) than 

one o f SO alone. There was no difference in the duration o f the outbreak here. As 

to why SOEV was found to be marginally more suitable in this high-density region 

as opposed to the previous one; a point to note here is that there are relatively fewer 

sheep than cattle in this region (165,539 as compared to 434,576) than in region 1 

(694,420 sheep, 673,677 cattle) and perhaps this has some implications in terms o f 

disease spread (with clinical signs being generally more noticeable at an earlier stage 

with cattle).

234



In the final high-density region (Region 4 -  Cavan) SO was again found to be the 

more cost-effective option both with and without the pig population being taken into 

account. The very high costs associated with the slaughter when pigs are added 

should be noted -  around 20% o f herds and animals are slaughtered in this case. 

Cost-savings o f €27m were made in both the ‘without pigs’ and ‘with pigs’ 

scenarios when SO was used. Before taking pigs into account in comparing SO and 

SOEV, 374 more herds were destroyed when SOEV was adopted and the outbreak 

was found to increase by eight days (up from 66 days with SO only to 74 days with 

SOEV). Costs were found to increase from €64m to €91m respectively. With pigs, 

262 more herds were destroyed when SOEV was applied and the average length of 

outbreak was found to be seven days longer at 107 days. Control costs were found 

to be €188m and €215m when SO and SOEV were compared when pigs were taken 

into account.

Overall, there does not appear to be a resounding conclusion in determining the 

appropriateness o f the alternative control strategies based on herd density across 

regions. Taking direct costs and outbreak length into account here, it would appear 

that choice o f control strategy would very much depend on the peculiarities o f a 

particular outbreak (or region) and it cannot be said conclusively which control 

strategy is best chosen beforehand.
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5.10 Modelling issues

There are a number o f relatively Irish specific and other issues which NAADSM 

does not take account o f when simulating hypothetical outbreaks; these are dealt 

with in turn below:

Commonage: As already mentioned, this is a particularly Irish phenomenon.^'* It 

can be described as land on which two or more farmers have grazing rights. This 

mostly occurs in mountainous areas with sheep being the animal in question. 

Although such areas are not taken into account here it would be useful to examine 

this issue when modelling such areas; however it is difficult to factor it in. Assume, 

for example, that there are four farmers each with their own herd/flock with access 

to the area. All four herds should be summed and an additional centre o f gravity 

attributed to the commonage. There may be some ‘double-counting,’ (with animals 

being counted on the individual farm and on the commonage). Modelling areas o f 

commonage is not included in this analysis but it is important to note that the mixing 

o f sheep in such an area itself would be an important factor in the spread o f  the 

disease. Alternatively or additionally, it can be included and the results o f both 

simulations compared.

Another issue is that o f Airborne spread. The probability and distance o f airborne 

spread is taken into account in the model, as is the range o f wind direction (0-360°) 

but the model fails to differentiate between laminar (streamline) and turbulent flow 

(allowing for slow and fast spread only).^^ Other meteorological factors including

^  It is  a lso  an is s u e  in th e  U K  w ith  th e  e x is te n c e  o f  h e a th s  and m o o r s .
“  It is  u n c lea r  as to  w h e th e r  or  n ot w in d  w a s  im p o rta n t w ith  P an  A s ia  stra in  in 2 0 0 1 ;  it w a s  in 1 9 6 7 /8 .
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f i f \  f i ’7the level o f sunlight, temperature and humidity are not taken into account either 

and are perhaps disadvantages o f the model. However these issues can be overcome 

by modifying the disease spread probabilities. The model is very flexible in this 

regard and therefore sufficient account o f these issues can be made.

Seasonality is another issue that is not taken into account in the model. There are a 

number o f factors relevant here. Firstly, some animals are housed indoors at certain 

times o f the year (e.g., cattle during the winter). The rate o f disease emission is 

higher in such an enclosed space but spread to neighbouring farms is obviously less. 

The model fails to take account o f this. The movement o f animals is another 

important seasonal factor, although this can be modified in the model. This is higher 

at different times o f the year and is more important for some enterprises than others. 

Again this is important in the Irish case as this differs at a regional level e.g., calves 

born in the dairying regions o f the South are in most cases ultimately finished in the 

grassland areas o f the Midlands and East (Lafferty et al, 1999:91). Changing the 

various probabilities o f spread etc. can however again illustrate the different virus 

dissemination scenarios at different time o f the year.

Scale: The model allows for the simulation o f up to 60,000 herds but as there are

135,000 herds in the country a study o f different regions is explored. This however

is not unrealistic as although a national outbreak could never be ruled out (given the

large movement o f animals in the Irish case) results can be scaled up to take a

national outbreak into account. Results from the regional analysis reflect the

circumstances that may occur in four typical regions within the state. Much o f the

literature however examines the issue on a regional basis as is done here. There lies

T he virus persists longer w ithout it.
T he virus d o e sn ’t d ev e lo p  as fast in hum id cond itions.
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too the possibiHty o f inter-regional spread which the model does not take account of. 

This could lead to reverse infection and would presumably make control more 

difficult and increase costs. This would be most relevant before movement 

restrictions were put in place.

In terms o f data in the Irish case too, it should be pointed out that the pig database 

needs to be updated and the data used for the analysis in Co. Cavan here dates from 

2001. Pigs are an important source o f spread and therefore in terms o f future work 

the data needs to be augmented. Overall, sensitivity analysis o f the data was deemed 

to be desirable. As with any model, the results are only as robust as the parameters 

used and it is therefore important to test these parameters. Some sensitivity analysis 

was conducted, although this has not been reported on here. There were no unusual 

findings as a result and in terms o f the ranking o f control strategies, these looked 

broadly similar when parameters were modified. It would still appear, having tested 

some o f the main parameters that choice o f control strategy still differs across 

regions and that region specific issues are important in terms o f choosing the most 

appropriate method o f control.

5.11 Conclusion

An empirical comparison o f the alternative control strategies o f SO and SOEV has

been undertaken in this chapter and the economic implications o f both analysed (in

terms o f direct costs). It would appear from the analysis that a policy o f SOEV is

more cost-effective (in terms o f control) in tackling an outbreak in a low density

region only. However, as already outlined, it is more than likely that factors other
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than herd density are important here as it is envisaged that vaccination would 

perhaps in general be more suited to use in more high density regions. This was 

however reflected in the evaluation for region 2, Cork. On the other hand, SO alone 

was found to be the least-cost option in the high-density region o f Galway, 

Roscommon (region 1) and Cavan (region 4 -  both without and without pigs). For 

the third high-density region o f Laois, Offaly (region 3), SOEV was found to be 

more cost-effective to the tune o f €2.63m, however there was no difference in the 

duration o f the outbreak when both o f these control options were examined and the 

relative cost savings were small. As already mentioned the predominance o f cattle 

may have been a factor here. Holding constant all modelling parameters, SO was 

found to be more cost-effective in two out o f the three high-density regions. 

Overall, this underlines the fact that there is no common ‘best’ policy in terms of 

FMD control in the face o f an outbreak -  differences across regions in terms o f area

size and structural differences indicate that any decision taken in determining the

68most appropriate control strategy must be taken at a regional level.

The general finding that the use o f emergency vaccination in the main is 

uneconomic when compared to stamping-out alone is in line with previous studies 

(Garner and Lack, 1995; Mahul and Durand, 2000; Schoenbaum and Disney, 2002). 

The finding that SOEV is relatively more cost-effective (than SO alone) in a low- 

density region, is however at odds with a Dutch study which found that ring-culling 

was the optimal control strategy (when compared to ring-vaccination) for sparsely 

populated regions (Tomassen et al, 2002). As already mentioned, other factors may 

be at play here. The contribution o f this analysis is to illustrate the working o f  the

It is im portant to note h o w ev er  that it is not en v isa g ed  that d iffer in g  control strateg ies w ou ld  be 
carried out w ithin d ifferent reg ion s w ith in  a country, h ow ev er , the appropriateness o f  an overall 
control strategy w ou ld  m ore than lik ely  depend on the c ircu m stan ces o f  a particular outbreak (th ese  in 
turn w ou ld  be h ig h ly  depend en t on the regional c ircu m stan ces).
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epidemiological model which appears to accurately follow the path o f disease spread 

and the relative effectiveness o f the chosen control strategies in minimising both the 

duration and overall costs o f an outbreak. Overall, the parameterisation o f the model 

is the most critical issue in Ireland’s overall preparedness in the face o f future 

outbreak. This research goes someway to assist in this. It is interesting to note that 

taking pigs into account in the final scenario had no bearing on the overall cost- 

effectiveness results o f the two strategies.

In terms o f future work, other regions and scenarios could be examined with 

differing probabilities o f disease spread etc. to see if any these conclusions continue 

to hold. These simulations serve to illustrate the workings o f the model and to 

ascertain the most cost-effective control strategy given the assumptions made (in 

terms o f the parameterisation o f the model) and the results reflect the general 

consensus o f the literature. The finding that stamping-out appears to be the more 

cost-effective control option is at odds with the hypothesis that vaccination will 

close-in on the disease and hence result in an outbreak o f a smaller scale. From this 

analysis it would appear that its use remains uneconomic in an Irish context. The 

economic implications and indirect economic effects o f adopting either strategy are 

further explored in the next chapter.
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CHAPTER 6

MODELLING THE INDIRECT ECONOMIC EFFECTS -

THE GTAP MODEL

6.1 Introduction

As outlined in the previous chapter, the general conclusion when comparing the 

direct costs associated with the two methods o f FMD control SO and SOEV is that 

the latter was only found to be the more cost-effective control option for use in areas 

o f lower herd density (other factors are thought to be at play but regions are 

differentiated along herd density). In areas o f higher animal density, for the most 

part, stamping-out alone was generally found to be the preferred option. SOEV was 

however found to be marginally more cost-effective in one region o f this type, 

region 3 (further underlining then the fact that issues other than herd density are of 

importance). There was no difference between the two in terms o f outbreak duration 

in this latter region (which would appear to be at odds with the hypothesis put 

forward earlier in relation to SOEV, i.e., that its strategic use should help in general 

to shorten disease outbreak length ). In general terms, the adoption o f emergency 

vaccination in all regions did not, on the whole, as expected, ‘close-in’ on the 

disease and thus minimise the overall disease period more than stamping-out alone. 

The strategic use o f vaccination did shorten the duration o f the outbreak in two o f
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the four regions but was found to be uneconomic when compared to stamping-out 

alone.

Apart from control costs, additional (indirect) costs must be borne in mind in any 

control option comparison. This chapter examines the indirect costs involved in 

undertaking a vaccination campaign, both for the agricultural sector and the wider 

economy; with the overall purpose o f incorporating these additional indirect effects 

into the analysis. In terms o f trade, it is envisaged that the use o f emergency 

vaccination will lead to longer time out o f markets. The question then is; does this 

outweigh the benefit o f shortening the duration o f the outbreak (if it actually does 

so). This chapter attempts to answer that question. In this case, as even in terms o f 

direct costs SOEV would appear here to be the higher cost option for the most part 

(or marginally less so when it is the preferred option) -  one would envisage that the 

subsequent trade implications o f its use will further go against its usage in an Irish 

context.

Non-agricultural sectors must also be taken into account. As was demonstrated in 

both the UK and Irish outbreaks in 2001, tourism and other rural economy would 

potentially be affected by a future outbreak and therefore the knock-on effects for 

them must be examined also. The key objective should be to shorten the duration o f 

a potential outbreak and to get on top o f it as soon as possible to minimise the 

economic damage to the non-farm as well as the farm economy. The question is: do 

the negative implications for tourism outweigh the benefit o f  shortening the duration 

o f the outbreak if  emergency vaccination is the chosen strategy in this regard - 

vaccination comes at a price. The knock-on effects o f its use for the wider economy 

are examined here.

242



A CGE model is useful for this analysis as a disease outbreak (and the subsequent 

control strategies put in place) impacts on the entire economy as a result o f inter

sectoral and inter-regional linkages both within the economy and with other 

economies. CGE analysis is an analytical approach looking at the economy as a 

complete system o f interdependent components (industries, households, investors, 

government, importers and exporters). A CGE model is derived by applying micro- 

economic behavioural principles to all the various different types o f actors in the 

economy. The behaviour o f each actor is inter-linked through the imposition o f 

consistency requirements within the economy as a whole.

In this chapter the computable general equilibrium (CGE) model GTAP (Global 

Trade Analysis Project) is introduced and its role in the overall analysis is explained. 

Having simulated several illustrative disease outbreaks with regions o f differing 

herd size and density, the economic output derived is now used to generate 

subsequent trade, price and welfare effects at the national level. The overall 

economic impact o f a disease outbreak, including the economic implications for the 

tourism sector o f a fall in tourist demand and the effects o f trade and movement 

restrictions, are all encompassed in this exercise.

6.2 GTAP -  Model Description

The GTAP model was established in 1992 with the objective o f lowering the cost of 

entry to CGE modelling (Hertel, 1997). The project is co-ordinated by the Centre 

for Global Trade Analysis, based in the Department o f Agricultural Economics at
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Purdue University, with the goal o f improving the quality o f quantitative analysis o f 

global economic issues within an economy-wide framework. The model is a 

comparative static, multi-regional, general equilibrium model o f the world economy 

describing both the vertical and horizontal linkages between all product markets 

both within the model’s individual countries and regions as well as between 

countries and regions via their bilateral trade flows. All markets in the model are 

perfectly competitive and exhibit constant returns to scale. The primary reference 

for information on the model is Hertel (1997) and the GTAP w e b s i t e . T h e  

Armington (1969) assumption is used to differentiate between homogenous 

commodities from different regions. The base year o f the latest version o f the model 

database is 2001. The construction and calibration o f the database is documented in 

Dimaranan and McDougall (2005). The simulations undertaken here are 

implemented by introducing a series o f shocks to model and comparing the final 

outcome with the initial equilibrium. A graphical overview o f the basic structure o f 

the model is given in fig.6.1:

GTAP website: w ww .gtap.org
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Fig 6.1: Value flows in an open economy w ithou t governm ent intervention
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Source: Lotze, 1998:26

Figure 6.1 above presents the basic value flows for a one model region. For 

simplicity, there is no depreciation here and government intervention in the form o f 

taxes and subsidies is also omitted. The so-called regional household is at the top 

and has a fixed endowment o f primary factors o f production, i.e., land, labour and 

capital. Without government intervention, the only source o f income for the 

regional household is from sales o f endowment factors to producers which yield 

factor payments in return. The regional household has an aggregate utility function 

which allocates regional income across three broad categories, i.e., private 

expenditure, government expenditure and savings. The most important advantage of 

the formulation o f a regional household in such a model is the provision o f an 

unambiguous indicator for overall regional welfare. As regional income rises, the
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regional utility function takes not only changes in private expenditures, but also 

savings and government purchases into account (Lotze, 1998:25).

Private households spend their income on domestic as well as imported goods. The 

same applies to the government household which demands domestic and imported 

commodities in order to produce public goods and government services. Producers 

combine primary as well as intermediate inputs in order to satisfy this final demand. 

They also use imported intermediate inputs and supply export commodities to the 

rest o f the world. Bilateral exports and imports are distinguished by destination and 

source region. Moreover, imports are distributed among specific domestic user 

groups, i.e., private households, goverrmient and firms. This is especially important 

for the analysis o f trade policy issues (Lotze, 1998:27).

Finally, there are two global sectors in the model. First, there is a global bank which 

balances regional savings and investments and thus provides the so-called 

macroeconomic closure o f the model. Producers, in addition to final commodities, 

also supply an artificial investment good, which is collected by the global bank and 

then distributed to regional households in the form o f shares in a global portfolio, in 

order to satisfy their demand for savings. Second, there is a global transportation 

sector which accounts for the differences between export values and import values in 

international trade on a global scale (Lotze, 1998:27).

The GTAP database contains bilateral trade, transport, and protection data 

characterizing economic linkages among regions, together with individual-country 

input-output databases that account for intersectoral linkages within each region 

(Hertel, 1997:4). Countries in the model are referred to as ‘regions’ and are
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interlinked by bilateral trade flows. Each region has the same number o f sectors and 

commodities and all agents (namely private households, government and firms) in 

the region are represented. Fully disaggregated there are five factor endowments 

(land, labour (skilled and unskilled), capital and natural resources), eighty-seven 

regions and fifty-seven sectors.

A standard general equilibrium closure is used in all simulations here; this is a 

medium- term closure. Labour and capital are assumed to be perfectly mobile 

between sectors. They will move between sectors until the rate o f return in each 

sector is equalised across the region. The medium term is defined as the length o f 

time required for this equalisation to occur. Land and natural resources are 

imperfectly mobile (or sluggish) between sectors. No factor endowments are mobile 

between regions. All factor endowments are assumed to be fully employed within 

regions. There is no unemployment o f labour or capital under the standard GE 

closure assumptions used in this study.

The standard GTAP model and standard closure may be adjusted by reducing the 

mobility o f a factor o f production. For example, capital can be parameterised as 

sluggish. A short term closure would assume capital perfectly immobile. Capital 

would become sector specific and different rates o f return to capital would exist in 

each sector. The same adjustment can be made to make skilled and unskilled labour 

sluggish. However, not all factors can be sluggish at the same time. GTAP requires 

at least one mobile factor o f production. In the standard GTAP closure all prices

™ A short-term  closure  in w h ich  labour and capital are fixed  in each  sector w ou ld  be worth  
exam in in g .
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(except the numeraire),^' regional incomes and quantities o f producible commodities 

are determined endogenously. In terms o f macroeconomic closure, investment is 

savings-driven and the current balance is assumed to be exogenous. Tax (or subsidy) 

rates, technology and factor endowments are exogenously fixed.

Ireland is taken to be a separate region in this analysis, allowing for the discussion o f 

results at a national level. As computationally all 87 regions and 57 industries 

cannot be included there is some aggregation. Overall, thirty regions are taken into 

account and divided into the EU-15 countries and with fifteen other non-EU 

countries and the ‘rest o f the world’ (ROW). Important trading countries (regions) 

from the perspective o f the world’s beef and sheep meat markets are distinguished in 

this aggregation. Sectors are aggregated to eighteen categories. The information for 

both regions and industries are contained in tables 6.1 and 6.2. The left-hand 

columns represent the disaggregated regions chosen in the analysis divided into EU 

and non-EU with the rest o f the world contained in the other two columns.

B ecause all prices are endogenous in a CGE model, one price (or price index) must be chosen as a 
numeraire in which to express relative price changes. In this closure, the numeraire is a com posite  
world price index o f  primary factors.
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Table 6.1. Region (87) Listing for GTAP Database (version 6)

EU
Ireland
United K ingdom  

France 
G erm any  

Italy
Denmark

The N etherlands
Austria

Belgium and L uxem bourg

Portugal
Spain

Finland

Sweden
Greece
Poland

Non-EU
Australia
Brazil
United States

Canada

Mexico
Hong Kong

Indonesia
Japan

Malaysia

Thailand 

Russia 

Middle East 

N orth  Africa 

South Africa 

Rest o f  the World

Rest of  the World

N ew  Zealand 

Rest o f  O ceania  
China 

K orea 

Taiwan

Rest o f  East Asia

Philippines

Singapore

Thailand

Vietnam
Rest o f  Southeast Asia

Bangladesh
India

Sri Lanka
Rest o f  South Asia
Rest o f  N orth  Am erica

C olom bia
Peru

Venezuela
Rest o f  A ndean  Pact

A rgentina

Chile
U ruguay
Rest o f  South A m erica  

Central Am erica  
Rest o f  FTA  o f  the 
Am ericas
Rest o f  the Caribbean 

Switzerland 

Rest o f  E FT A  
Rest o f  Europe 

Albania

Bulgaria

Croatia

Cyprus
Czech Republic
H ungary

Malta

R om ania
Slovakia

Slovenia

Estonia

Latvia

Lithuania

Russian Federation
Rest o f  Form er Soviet U nion
Turkey

Rest o f  M iddle  East

M orocco
Tunisia
Rest o f  N orth  Africa 
B otsw ana

Rest o f  South African CU
Malawi

M ozam bique
Tanzania
Zam bia

Z im babw e

Rest o f  S A D C

M adagascar

U ganda

Rest o f  Sub-Saharan  Africa

Source: GTAP Database (Dimaranan and McDougall, 2005)
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Table 6.2: Sector (57) Listing for GTAP Database (version 6)

Cereals, oth crops &
Paddy rice Hortic B everages and tobacco products Beverages a n d  Tobacco

Cereals, oth crops &
W heat Hortic

Cereals, oth crops & Textiles, leather,
Cereal grains Hortic Textiles clothing

Cereals, oth crops Textiles, leather,
Vegetables, fruit, nuts Hortic W earing apparel clothing

Cereals, oth crops &
Oil seeds Hortic

Cereals, oth crops & Textiles, leather,
Sugar cane, sugar beet Hortic Leather products clothing

Cereals, oth crops &
Plant-based fibres Hortic

Cereals, oth crops &
Crops Hortic W ood products O ther Industries

Paper products, publishing O ther Industries

Cattle,sheep,goats,horses Cattle & Sheep
Chemical. Petrol

Petroleum , coal products Products
Chemical, Petrol

Anim al products Other livestock C hem ical,rubber.plastic prods Products

Raw milk Raw m ilk M ineral products O ther Industries

Ferrous m etals O ther Industries
W ool, silk-worm B e e f and  sheep m eat
cocoons wool) M etals O ther Industries

M otor vehicles and parts O ther Industries

Forestry O ther Prim ary Transport equipm ent O ther Industries

Fishing O ther Prim ary Machinery' and equipm ent O ther Industries

Coal O ther Prim ary M anufactures O ther Industries

Oil O ther Prim ary

Gas O ther Prim ary Electricity O ther Services

M inerals O ther Prim ary Gas m anufacture, distribution O ther Services

W ater O ther Services
Meat: B e e f and  sheep m eat (+
cattle,sheep,goats,horse wool) C onstruction Other Services

Transport O ther Services

M eat products Other M eat Processing Sea transport Other Services

Air transport Other Services

Vegetable oils and fats Other Primary C om m unication O ther Services

Dairy products D airy Financial services Business & Fin. Services

Insurance Business &Fin. Services

Processed rice O ther Prim ary B usiness services Business & Fin. Services
Recreation & oth

R ecreation and o ther services Services
Sugar, p lan ts and  

Sugar p rocessed

PubA dm in/D efence/H ealth/Education O ther Services 

Food products O ther Prim ary  Dw ellings Other Services

Source: GTAP Database (Dim aranan and M cDougall, 2005)
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The underlying equation system o f GTAP includes two different kinds o f equations. 

One part covers the accounting relationships which ensure that the receipts and 

expenditures o f every agent in the economy are balanced. The other part o f  the equation 

system consists o f behavioural equations, which are based upon microeconomic theory. 

These equations specify the behaviour o f  optimizing agents in the economy, such as 

demand functions. Perfect competition is assumed in all sectors and all regions produce 

a full complement o f commodities. Importantly, economic shocks on one component 

create ripple effects throughout the system (Anderson & Nielsen, 2000:8).

A broad range o f policy issues can be examined across agriculture and non-agriculture 

sectors using such a model. The global impact o f both a decrease in the national herd 

and trade restrictions in the aftermath o f a disease outbreak are modelled here. The 

model is used to quantify the subsequent effects on production, prices, trade patterns 

and national economic welfare, when Ireland adopts a particular control strategy. The 

data on the economic impact is collected for a simulation based solely on culling (SO) 

and one where the use o f emergency vaccination (SOEV) is allowed in order to provide 

the basis for a cost-effcctiveness comparison. The impact o f changes in relative prices 

as a result o f denied access to high price markets are important for a small, open

72economy like Ireland, heavily reliant on livestock trade. The impact o f a possible 

decline in tourism numbers following an outbreak (in light o f movement restrictions, 

cancellation o f events etc.) is also modelled.

B oth anim als and products.
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6.3 GTAP simulations

The effects o f an outbreak can be thought o f in terms o f various different shocks to the 

economy -  some directly affecting the agricultural sector (e.g., the decrease in the 

supply o f the national herd and the imposition o f trade restrictions) and some impacting 

on other sectors like tourism (e.g., the decrease in tourist numbers). In addition to 

aggregate and trade effects, the model provides information on the distributional aspects 

o f an outbreak i.e., the relative burden o f an outbreak (and its control) on both 

agriculture and tourism and the extent to which the impact spreads to other sectors o f 

the economy (with an influence on factor markets and on different household groups). 

The following section describes how these shocks are simulated in the model, their 

nature and magnitude and the overall impact on the Irish economy. Three issues are to 

be examined here in a CGE framework using GTAP:

1) The cull of livestock -  the impact o f a reduction in the overall number of 

animals in the national herd and hence a decrease in the supply o f cattle and 

sheep (and thus quantity o f beef and sheep and beef and sheepmeat sold).

2) The impact of trade restrictions -  the implications arising from a number o f 

trade ban scenarios (from three months in the best-case scenario up to a year in 

the worst-case scenario). These are examined both at an EU and non-EU level.

3) Knock-on effects for the tourism sector -  the impact o f a decrease in the 

number o f foreign tourists for all sectors.
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The way in which these shocks are modelled is now described.

6.4 The effects of a cull of livestock

The reduction in the number o f animals can be thought o f as a direct cost associated 

with a particular control strategy. It leads to production losses in depopulated premises 

and industries linked to the livestock sector. GTAP is used here to estimate the wider 

economic effects o f a decrease in the level o f cattle and sheep output. Animal losses 

may be seen as being a small component relative to indirect costs but there are a 

number o f issues that need to be taken into account. Knock-on price effects arising 

from the slaughter o f some animals are important (with offsetting compensatory effects 

i.e., the price o f remaining cattle and substitutes will rise). Ireland actually benefited 

from higher prices in 2001 because o f the simultaneous outbreak in the UK. The direct 

effect on agriculture (in terms o f the impact o f culling, loss o f production etc.) is 

implemented in the model as a negative technology shock to the cattle and sheep sector. 

It is modelled as a Hicks neutral productivity shock.

6.4.1 Productivity shock results

In an attempt to scale up the regional experiments undertaken in chapter four to a

national outbreak the economy-wide effects o f a decrease in the size o f the national herd

is examined here. The simulation results showed that as a result o f these outbreaks on

average 4.5% o f the national cattle and sheep herds would be destroyed when SO alone

is used and 4.9% when SOEV is employed. The total welfare effects o f both these
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scenarios are contained in table 6.3. These are measured as Equivalent Variation in 

2001 US$ m illions.’  ̂ Overall, there is very little difference in Ireland’s total welfare 

losses in both scenarios between a loss o f  -$6.25m  (-€5 .59m) in the SO scenario and $- 

6.83m (€-6.1 Im) in the SOEV scenario.^'* In both cases the UK, Denmark and the 

Netherlands appear to benefit from a decrease in the supply o f  Irish cattle and sheep in 

the European context with Australia and Brazil enjoying increased market access 

outside o f  Europe. Most other trading partners (importers o f  Irish products) experience 

an overall decrease in welfare.

T able 6.3: T otal W elfare Effects SO and  SO EV  (m easu red  as E q u iv a len t V aria tio n  in 2001 USSm)

EU SO SOEV Non-EU SO SOEV
Ireland -6.25 -6.83 Australia 1.36 1.48
United Kingdom 4.48 4.88 Brazil 1.11 1.21
France -1.72 -1,87 United States -1.49 -1.62
Germany -0.12 -0.13 Canada 0.26 0.29
Italy -0.07 -0.07 Mexico 0.13 0.15
Denmark 0.15 0.16 Hong Kong -0.05 -0.05
The Netherlands 1.33 1.45 Indonesia -0.02 -0.03
Austria -0.15 -0.16 Japan -1.38 -1.5
Belgium and Luxembourg 0.91 1 M alaysia -0.15 -0.17
Portugal -0.05 -0.06 Thailand -0.04 -0.05
Spain -0.17 -0.19 Russia -0.77 -0.83
Finland -0.05 -0.05 M iddle East -0.19 -0.21
Sweden 0.05 0.05 North Africa -0.01 -0.01
Greece 0 0 South Africa 0.06 0.07
Poland -0.05 -0.05 Rest o f  the W orld -0.44 -0.47

73 The mid-2001 exchange rate USD I = 1.117716 euro is used here (source Oanda FX Trading, 
http://w ww.oanda.com /convert/classic)

There is very little difference in the numbers culled arising from the two scenarios modelled anyway.
254



The change in GDP following the cull was found to be negligible in both cases at -

0.01%; this is not surprising given the decrease in importance o f primary agriculture to 

the Irish economy in recent years. The change in the trade balance and impact on 

aggregate exports for both scenarios are given in table 6.4. In terms o f change to the 

trade balance (exports -  imports) there is a large decrease in cattle and sheep and beef 

and sheep meat in both cases, as expected. This is slightly larger (at US$-5.74 million 

(€-5.13m) and US$-61.89 million (€-55m) respectively) in the SOEV scenario. In both 

cases cereals and other meat products benefit from the decrease in supply o f cattle and 

sheep products as does dairy produce and other primary products. Chemical and 

petroleum products, other industries and business and financial services also clearly 

benefit in the aftermath o f a cull. It should be noted that these changes are the 

consequence o f the medium run closure assumed; a short run closure would paint a 

different picture.

Table 6.4: Trade Effects SO & SOEV (measured in 2001 USS Millions)

Change in Trade Balance Aggregate Exports
SO SO E V SO SO E V

Cereals, other crops & Horticulture 2.16 2.36 0.5 0,55
Sugar 0.04 0.05 0.16 0,17
Cattle and Sheep -5.26 -5.74 -5.62 -6,12
Other livestock 0.13 0.15 0.18 0,2
Raw milk 0.01 0.01 0.49 0,54
B eef and sheep meat -56.82 -61.89 -6.95 -7,56
Other meat processing 1.17 1.27 0.28 0,31
Dairy products 2.69 2.93 0.26 0,29
Other primary products 3.99 4.34 0,13 0,14
Beverages and tobacco 0.34 0.37 0.05 0.06
Textiles, leather and clothing -0.68 -0.74 -0.06 -0.07
Chemical & petroleum products 24.3 26.48 0.12 0.13
Electronic equipment 4.54 4.94 0,1 0.11
Other industries 13.9 15.15 0.11 0.12
Trade Services 1.6 1.74 0,1 0.1
Recreation services 0.82 0.89 0,08 0.09
Business and financial services 12.1 13.18 0,08 0.09
Other services 3.67 4 0,08 0.08
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In terms o f aggregate exports, there was an improvement in all sectors (apart from those 

directly affected by the cull). The cereals and raw milk sector particularly benefited, 

there was also an increase in the export o f dairy products.

To separate out the direct and indirect effects -  the value o f cattle and sheep output as 

given in the model database (see table 6.5 below) is used is used to estimate directly 

what the loss o f output would be.

Table 6.5; Cattle and Sheep o u tp u t -  m easured in 2001 USS Millions

E U N on-E U

Ireland 1,303 Australia 4,332

United Kingdom 3,526 Brazil 5,563

France 5,831 United States 32,342

Germany 2,801 Canada 4,402

Italy 3,388 Mexico 2,160

Denmark 199 Hong Kong 180

The Netherlands 1,335 Indonesia 603

Austria 524 Japan 4,033

Belgium and Luxembourg 862 Malaysia 41

Portugal 291 Thailand 192

Spain 2,505 Russia 2,956

Finland 144 Middle East 5,775

Sweden 351 North Africa 5,641

Greece 900 South Africa 2,156

Poland 581 Rest o f  the World 55,417

From this one can conclude that were 4.5% of the national herd destroyed this would 

lead to a loss in output o f $58.6m (€52m). This is much greater than the $6.25 million
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(€5.6m) loss calculated earlier as the difference represents the ability o f the economy to 

‘compensate’ for the cull by reallocating resources as well as the terms o f trade effect. 

This is however, exaggerated, by assuming a medium term closure. In the short term 

(within the 3 months o f an outbreak), resources would not be mobile, so this is therefore 

a minimum estimate. $58.6m (€52m) can be thought o f as the maximum estimate. In 

terms o f welfare and trade then, there are significant losses for the cattle and sheep 

sectors and beef and sheep meat sectors o f a decrease in the national herd.

6.5 The impact of trade restrictions

There are three types o f costs for the agricultural sector associated with being excluded 

from markets; the extra costs involved in keeping stock on farms, the extra costs 

associated with the treatment (heat or otherwise) o f  produce before it can be 

sold/exported and revenue foregone as a result o f denied access to markets (and/or 

subsequent losses incurred in selling produce in lower-price (i.e., FMD endemic 

markets). The type o f trade ban scenario envisaged is important, i.e., we are assuming 

here that there is an outbreak in Ireland only and there are three trade ban scenarios 

envisaged. These are: a ban in beef and sheep exports to the UK, the EU-15 and a 

ROW ban on beef and sheep imports from the country to all FMD-free markets^^; i.e., 

in this scenario, beef and sheep meat could continue to be exported to FMD-endemic 

markets but at a much lower price. A potential loss o f markets for the country would

T h ese  bans are m od elled  independently  and are not cum ulative.
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undoubtedly have severe consequences. The value and volume o f  beef exports to the 

economy in 2004 were €1,299.98m and 410, 830 tonnes respectively. The equivalent 

figures for sheep meat were €183.81m and 53,600 tormes.

The imposition o f trade restrictions is modelled by setting the quantity o f imports of 

beef and sheep meat to relevant Irish trade partners to zero and allowing another

76variable to fluctuate endogenously. The standard approach is to make the respective 

import tariff endogenous allowing it to adjust to an appropriately prohibitive level. 

With a prohibitive tariff, tariff revenue is zero so there is no distortion on the income 

side. The simulation results give the welfare and trade effects assuming that the bans 

were in place for a full year. For our purposes, the economic effects o f a ban are 

adjusted pro rata to reflect both a six-month and three-month trade restriction scenario 

(taking fifty and twenty five percent o f the economic effects respectively). Results are 

compared in the following section.

6.5.1 Trade restriction results

Again these results must be prefaced by the fact that a medium term as opposed to 

short-term closure is used here - these issues would be interesting to examine in a short- 

run framework also. In terms o f trade, large losses are reported in all three scenarios 

envisaged (see table 6.6 below). The largest o f these is experienced when the EU-15 

ban is put in place. The UK and the Netherlands appear to benefit most from the

Tariffs on imports o f  cattle and live sheep could also be set to zero for com pletion; how ever quantities 
are now  quite small.
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restrictions imposed. Brazil also takes advantage to improved access to the EU-15 

market when Ireland is excluded.

Table 6.6: Terms of Trade Effects (USSm)

EU-15
UK
ban

EU-15
ban R O W  ban Non-EU

UK
ban

EU-15
ban

R O W
ban

Ireland -95.26 -228.75 -6.82 Australia 3.56 9.6 1.42

U nited K ingdom 43.79 65.01 0.79 Brazil 6.35 11.69 0.19

France 2.49 19.72 0.25 U nited States 3.17 10.57 0.93

G erm any 3.2 20.7 0.34 Canada 0.09 0.98 0.15

Italy 2.64 5.05 0.28 M exico 0.72 1.52 0.07

D enm ark 2.05 4.03 0.07 Hong Kong -0.11 -0.03 -0.04

The N etherlands 4.26 25.06 -0.06 Indonesia 0.12 0.09 0.03

Austria -0.1 0.44 0.04 Japan 0.19 -0.08 -0.03
Belgium  & 
Luxem bourg 4.7 21.81 0.31 M alaysia -0.28 -0.87 -0.03

Portugal 0.03 0.53 0.03 Thailand 0.12 0.23 0.02

Spain 2.17 8.23 0.17 Russia 0.2 0.01 0.03

Finland 0.14 0.41 0.02 M iddle East -0.58 -2.34 0.02

Sweden 0.53 2.41 0.08 North Africa -0.18 -0,89 -0.02

Greece 0.33 0.45 0.03 South Africa 0.31 0.84 0,04

Poland -0.04 -0.2 0.03
Rest o f  the 
W orld 15.35 23.54 1,69

The change in trade balance in cattle and sheep is also most negatively affected when 

the EU-wide ban is imposed; this is not surprising as the majority o f  such exports go to 

these markets. The EU-25 continues to be the main destination o f  Irish agri-food 

exports accounting for 76% o f  total agri-food exports to the value o f  approximately €5.8  

billion. The value o f  beef and sheep meat exports to the EU-15 in 2004 was € l,234m  

and €178m  respectively. The imposition o f  a ROW ban has the least effect.
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It is apparent from the resuUs in table 6.7 that chemical and petroleum products and 

other industries benefit most from the imposition o f the trade restrictions (to the tune o f 

$303m (€27 Im ) in the event o f an EU ban). Business and financial services also 

improve their trade balance by $137m (€123m) as a result o f this scenario. In terms o f 

agriculture, only dairy products and other livestock meats significantly improve their 

trade balance (the effects on sugar, cereals, raw milk and beverages and tobacco are 

quite small). Dairy produce trade is set to increase to the tune o f $14.7m (€13m) in the 

UK-ban scenario and $35m (€31m) in the event o f EU-wide restrictions. In terms o f 

the improvement seen in other meats ($6m (€5.3m) in the UK-ban scenario and $14m 

(€ 12.5m) when exports to the EU are curtailed) is reflective o f the fact that there is 

some product substitution here.

Table 6.7: Change in Trade Balance -  cattle and sheep (USSm)

UK ban EU-15 ban ROW  ban
Cereals, other crops & Horticulture 10.24 24,13 0.84
Sugar 0.14 0.34 0.01
Cattle and Sheep 38.67 93.47 3.23
Other livestock 0.73 1.65 0.05
Raw milk 0.04 0.09 0
Beef and sheep meat -353.81 -864.88 -17.3
Other meat processing 6.16 14.65 0.44
Dairy products 14.77 35.32 1.14
Other primary products 29.07 71.2 2.1
Beverages and tobacco 1.64 3.99 0.08
Textiles, leather and clothing 1.9 4.69 0
Chemical & petroleum products 123.1 303.83 8.77
Electronic equipment 21.07 52.89 1.27
Other industries 69.61 171.78 4.52
Trade Services 6.76 16.09 -0.26
Recreation services 4.22 10.38 0.26
Business and financial services 56.21 137.57 2.63
Other services 18.27 44.95 1.17
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In terms o f the impact on trade balance for beef and sheep meat for all regions a similar 

picture to that o f cattle trade is painted, with the EU-15 ban having the largest negative 

impact for the country. The United Kingdom, the Netherlands and Brazil again appear 

to be the countries filling the gap in terms o f  trade in the event o f trade restrictions. See 

table 6.8 below.

Table 6.8: Change in Trade Balance - Beef and sheep meat (USSm)

EU-15
UK
ban

EU-15
ban

ROW
ban Non-EU

UK
ban

EU-15
ban

ROW
ban

Ireland 353.81 -864.88 -17.3 Australia 11.85 32.73 5.26
United Kingdom 164.91 206.98 -0.68 Brazil 30.02 54.15 0.65

France 1.87 84.3 -0.19
United
States 5.38 17.26 3.44

Germany 3.9 77.83 0.07 Canada 0.54 5.46 0.57
Italy 4.08 21.09 0.12 Mexico 0.28 1.23 0.02
Denmark 5.87 13.2 0.09 Hong Kong 0 0 0.01
The Netherlands 17.86 103.93 -0.2 Indonesia 0.09 0.23 0.08
Austria 0.57 6.78 0.13 Japan 0.53 0.87 0.14
Belgium & 
Luxembourg 2.26 33.39 -0.07 Malaysia -0,01 -0.02 0
Portugal 0.26 4.24 0 Thailand 0.07 0.14 0.01
Spain 3.47 23.39 0.03 Russia -0.12 -0.24 0.1
Finland 0.01 0.91 0.01 Middle East 1.63 2.29 0.16
Sweden 0.1 6.53 0.01 North Africa 0.51 0.9 0.01
Greece 1.21 2.73 0.05 South Africa 0.76 2.99 0.16

Poland 0.18 1.5 0.09
Rest o f  the 
World 93.95 158.29 7.44

As regards a change in aggregate exports, the impacts are small in all sectors (except o f 

course those affected by trade restrictions). In the event o f an EU-wide ban there is 

relatively significant increase in cereal exports. This is also the case in terms o f other 

livestock -  a larger increase is seen for both this and other meat processing in the event 

o f a ROW ban. Dairy products also improve somewhat in this case. Changes are less 

significant for non-agriculture related sectors.
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Table 6.9: Change in Aggregate Exports (USSm)

Cereals, other crops & Horticulture 
Sugar
Cattle and Sheep 
Other livestock 
Raw milk
B eef and sheep meat 
Other meat processing 
Dairy products 
Other primary products 
Beverages and tobacco 
Textiles, leather and clothing 
Chemical & petroleum products 
Electronic equipment 
Other industries 
Trade Services 
Recreation services 
Business and financial services 
Other services

UK ban EU-15 ban ROW ban
0.22 2.68 6.32
0.07 0.85 2.04
0.33 4.07 10.18
0.08 1 2.33
0.23 2.76 6.61

-1.87 -38.75 -95.67
0.11 1.52 3.63
0.11 1.45 3.47
0.07 1 2.45
0,02 0.29 0.7
0.05 0.61 1.51
0.04 0.62 1.53
0.03 0.48 1.2
0.04 0.59 1.46
0.03 0.49 1.21
0.03 0.44 1.08
0.03 0.4 0.98
0.03 0.39 0.97

GDP looks set to decrease by 0.05% with UK ban, 0.12% in the event o f EU trade 

restrictions and 0.1% with a ROW ban in place. These figures appear small and would 

more than likely be larger if a short-term closure were adopted. The same can be said 

with regard to the positive overall welfare effect, which the simulations undertaken 

illustrate and are shown in table 6.10. The assumption o f  a medium term closure goes 

some way to explaining this, as over the medium term there is allocative efficiency 

across sectors with some gaining where others have lost out. A short-term closure here 

would more accurately reflect the welfare impact both for the agricultural sector and for 

the wider economy. The results below illustrate therefore the medium term picture.
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Again those countries who substitute for Irish exports benefit most in terms o f welfare. 

In the case o f the medium term closure, an export ban on Irish produced beef effectively 

rcduces the return on capital employed in the beef sector Ireland (the amount o f capital 

in this sector is already high due to the extensive protection afforded to this sector). 

When capital is mobile, it will leave this sector and move to another sector where it will 

receive a higher return and increase national welfare (allocative efficiency -  better use 

o f  resources). In the case o f the Irish export ban, the chemical and pharmaceutical 

sector and the electrical goods sectors attract most o f the capital. Capital inflows into 

these sectors will continue until the rate o f return across all sectors equalises. A similar 

result is seen for labour but on a smaller scale.

Imposed a short term closure and assuming capital to be sluggish doesn’t eliminate this 

effect. In this case, the same results are generated, almost entirely through the 

movement o f labour out o f the beef sector and into other sectors. Assuming capital, 

skilled and unskilled labour are all sluggish is not possible in the model. At least one 

must be mobile.
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Table 6.10; Total W elfare  Effects (m easured as Equivalent V ariation  in 2001 U S$m )

UK EU-15 ROW
EU-15 ban ban ban

Ireland 5.6 23.85 14.67

United Kingdom -0.51 52.65 1.16

France 0.4 -69.07 -0.01

Germany 0.67 9.25 -0.11

Italy 2.11 -6.82 0.13

Denmaric 2.75 1.06 -0.11

The Netherlands 1.59 13.54 -0.49

Austria -0.47 -0.99 -0.14
Belgium & 
Luxembourg 4.39 4.84 0.22

Portugal -0.06 -2.93 0

Spain 1.52 1.79 0.04

Finland -0.08 -0.36 -0.01

Sweden 0.19 -1.52 0.02

Greece 0.28 0.26 -0.03

Poland -0.1 -1.11 0.04

UK EU-15 ROW
Non-EU ban ban ban

Australia 6.07 16.53 2.64

Brazil 10.12 18.35 0.29

United States -6.72 -12.81 1.79

Canada -1.62 -2.58 0.1

Mexico 0.44 0.91 0.08

Hong Kong -0.16 -0.15 -0.04

Indonesia -0,14 -0.4 0

Japan -4.81 -11.97 -0.46

Malaysia -0,79 -1.79 -0.06

Thailand -0.29 -0.66 -0.02

Russia -0,31 -1.34 -0.01

Middle East -2.54 -7.16 -0.12

North Africa -0.47 -1,35 -0.07

South Africa 0.31 0.96 0.05
Rest o f the
World 8.84 7.79 -11.75

6.6 Impact o f adjustment to tourist demand generated by an outbreak.

It is important to bear in mind that the economic consequences o f  an outbreak are not 

confined to the agricultural sector. The initial impacts o f  the agricultural shock are 

further magnified by the knock-on effects o f  the fall-off in tourist numbers and the 

changes in government expenditure (O ’Toole, Matthews and M ulvey, 2002:21). Some 

authors were highly critical o f  the stringent movement restrictions put in place during 

the 2001 outbreak in the UK. Sharpley and Craven (2001) argued that i f  the exclusion o f  

the general public had been less extreme, the vast proportion o f  econom ic losses in rural 

areas could have been avoided without significantly increasing the risk o f  the virus
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spreading (Roberts, 2001). Lowe et al. also claimed the control strategy put in place 

was “ultra-precautionary” and that the discouragement o f visitors to the countryside 

compromised a much wider range o f rural business activities beyond farming and 

precipitated a rural economy crisis (Lowe et al, 2002).

In the Irish case, Indecon estimated the total loss to the tourism sector as a result o f the 

outbreak to be in the region o f € 2 10m, with a heavy concentration in the rural economy 

(Indecon, 2002). N ot alone was there a decrease in visitor numbers, also those who did 

visit stayed for a shorter period o f time. Stringent movement restrictions were put in 

place and events cancelled with tourism demand also adversely affected by the negative 

publicity associated with the more large-scale outbreak in the UK. In general terms, the 

economic effects o f FMD for the tourism sector included (Indecon, 2002:54):

Direct income loss due to the decline in overseas visitors;

Indirect income loss due to the decline in overseas visitors;

Income effects arising from changes in domestic tourism patterns;

Other domestic effects.

Tourism demand for the first half o f 2001 compared to that o f  the previous year saw a

decline in overseas visitor numbers o f 146,000 ( or -6.8%) and revenue o f €-48.2m

(assuming no growth from 2000) (Indecon, 2002). The economic implications for the

tourism sector should not be underestimated, with numbers and revenue growing

annually; total out-of-state visitor numbers totalled 6.97 million last year with

associated revenue o f  €3,455m and each tourist spending on average €495.14 (CSO).
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In addition, its importance in rural Ireland should not be overlooked where there is a 

definite move away fi-om primary agriculture towards alternative industries including 

tourist focussed enterprises.

The induced effects o f changes in tourism demand (in the aftermath o f an outbreak) are 

quantified here to estimate the inter-sectoral effects. CGE models are appropriate for 

modelling tourism demand because o f the multi-market characteristics o f tourism, with 

its extensive network o f linkages across different economic sectors (Blake et al, 

2003:4). The tourism effects o f the disease are quantified by inward-shifts o f the 

tourism demand curves (and hence goods and services), for inbound international 

tourists. Industries that rely heavily on sales to tourists (hotels, air transport) can be 

expected to have the largest declines in output and value-added. Industries that sell 

some o f their produce to tourists (such as entertainment, rail and road transport) can be 

expected to have significant but smaller declines in output and value-added, as can 

industries that are heavily involved in the tourism intermediate supply chain. Other 

industries that sell little or none o f their produce to tourists, either directly or indirectly 

may well increase output and value-added because they can draw on primary factors no 

longer needed in the adversely affected industries and the decrease in expenditure is 

then re-allocated elsewhere (Blake et al, 2003:6).

Foreign tourist demand in a country shows up as an import to the sending country in 

GTAP, i.e., if  a UK tourist comes to Ireland and purchases accommodation it is shown 

as an import in the UK hotel and restaurant sector. Therefore an import tax on UK
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imports o f these services from Ireland is imposed to lower the demand in Ireland. In 

other words, instead o f targeting Irish demand, we target demand in the sending 

countries and swap this with the import tax variable. In the model a 10% decrease in 

demand for TRADE (trade services i.e., hotels, guesthouses etc.) and REC (recreation 

and other services) is simulated here with the change in tourist expenditure and 

subsequent knock-on effects for the entire economy estimated ex-ante. The model 

results show the effects for a full year. These effects are pro-rated for the length o f the 

outbreak to measure the consequences for different control strategies.

Domestic tourism is not examined here so the main impact is the loss o f export revenue 

from foreign tourists. Domestic tourism trips actually increased over the first half o f 

2001 compared to 2000 (up 11.8% from 2,508,000 trips to 2,803,000) - cheaper deals, 

marketing etc. actually enticed people to stay at home and overall then there were gains 

for the domestic market. Also an outbreak would result in a reshuffling o f expenditure 

by domestic residents; expenditure remains within the country, so therefore any change 

in domestic tourism demand has a second order impact compared to loss o f tourism 

exports and therefore its quantification is less important.

6.6.1 Tourism shock results -  a decrease in demand

The results in table 6.11 indicate that a 10% decrease in demand would negatively 

impact on total Irish welfare by US$48.6 million (€43.5m). The UK and the US seem 

to be the key beneficiaries o f this reduction.
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Table 6.11; Total Welfare Effects o f  a decrease in foreign tourism demand (US$m)

EU-15 N on-EU

Ireland -48.6 Australia 0.67

United Kingdom 10.07 Brazil -0.09

France 5.93 United States 10.31

Germany 2.3 Canada 0.28

Italy 2.89 Mexico 0.51

Denmark 0.41 Hong Kong 3.91

The Netherlands -0.65 Indonesia -0.05

Austria 0.39 Japan -0.16

Belgium & Luxembourg 2.83 M alaysia -0.17

Portugal 0.2 Thailand 0.07

Spain 2.36 Russia -0.38

Finland 0.06 M iddle East -0.09

Sweden 1.3 North Africa -0.44

Greece 0.45 South Africa 0.06

Poland 0.21 Rest o f  the W orld -0.13

Likewise, there is a negative impact on the trade balance for both the trade and 

recreation sectors (US$-68.53 million (€-61.3m) and U S$-103.49 million (€-92.6m) 

respectively). The results are given in table 6.12 below. The benefits o f  this o f  is more 

evenly spread across countries with the U.S., flong Kong and the ‘Rest o f  the World’ 

benefiting mostly. The results are given in table 6.12 below.
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Table 6.12: Change in Trade Bal (Trade) as a result o f a decrease in foreign tourism demand

(USSm)

E U -I5 N on-EU

Ireland -68.53 Australia 0.77

United Kingdom 3.48 Brazil 0.5

France 3.16 United States 7.13

Germ any 4.52 Canada 0.99

Italy 4.23 Mexico 0.73

Denmark 0.7 Hong Kong 7.55

The Netherlands 1.53 Indonesia 0.64

Austria 1.15 Japan 5.07

Belgium & Luxembourg 1.18 M alaysia 1.07

Portugal 0.37 Thailand 0,62

Spain 3.12 Russia 0.5

Finland 0.31 M iddle East 2.2

Sweden 0.87 North Africa 0.37

Greece 0.49 South Africa 0.31

Poland 0.32 Rest o f  the World 14.66

The negative effect on the recreation sector is found to be larger. Again its 

beneficiaries are widespread with the US, France and Germany benefiting most. The 

resuhs can be seen in table 6.13.
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Table 6.13: Change in Trade Bal (Recreation) as a result o f  a decrease in foreign tourism demand 

(USSm)

EU-15 N on-EU
Ireland -103.49 Australia 1.59
United Kingdom 5.43 Brazil 0.46
France 12.81 United States 21.66
Germany 9.06 Canada bo

Italy 5.66 Mexico 1.32
Denmark 1.31 Hong Kong 1.1
The Netherlands 2.35 Indonesia 0.67
Austria 1.6 Japan 3.92
Belgium & Luxembourg 2.45 Malaysia 0.6
Portugal 0.49 Thailand 0.95
Spain 2.06 Russia 1.4
Finland 0.3 Middle East 2.69
Sweden 2.28 North Africa 0.36
Greece 0.68 South Africa 0.15
Poland 0.53 Rest o f  the World 15.82

The overall change in aggregate exports is relatively small; these can be seen alongside 

the change in trade balance in table 6.14 below. The chemical and petroleum sectors, 

business and financial services and other industries appear to benefit most from the 

decline in the tourism sector.

The overall effect on GDP o f  the 10% decrease in tourist numbers is a reduction o f  0.08 

in GDP.^^ There was an overall decline in welfare o f  U S$42 (€36m ) m illion as a result. 

The effects o f  this downturn in Irish terms were spread fairly evenly across the other 

regions.

10% was chosen for the simulations here, this is slightly larger than the 6.8% during the period April- 
June 2001 when FMD impacted on the country last time and serves to illustrate what might happen if  a 
more large-scale outbreak were to occur.
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Table  6.14: C hange  in Aggregate Exports  and  overall T ra d e  Balance as a result o f  a decrease in 

foreign tour ism  dem and  (USSm)

C hange  in aggregate  exports C hange  in t r ad e  balance

Cereals, other crops &
Horticulture -0.03 -0.28
Sugar -0.04 -0.04
Cattle and Sheep -0.03 0
Other livestock -0.03 0
Raw milk -0.03 0
Beef and sheep meat -0.03 1.98
Other meat processing -0.04 1.41
Dairy products -0.04 2.73
Other primary products -0.03 6.42
Beverages and tobacco -0.05 0.77
Textiles, leather and clothing -0.04 1.32
Chemical & petroleum
products -0.05 53.74
Electronic equipment -0.03 12.52
Other industries -0.04 35.54
Trade Services -0.06 -68.53
Recreation services -0.07 -103.49
Business and financial services -0.07 36.43
Other services -0.06 11.29

T able  6.15: C on tr ibu t ion  to regional Equiva len t V aria t ion  of  changes in its te rm s of  t r a d e  as a 

result o f  a decrease  in foreign tourism  dem an d  (USSm)

EU-15 Non-EU
Ireland -42.32 Australia 0.5
United Kingdom 7.48 Brazil 0.19
France 3.46 United States 5,66
Germany 3,86 Canada 0.62
Italy 2.66 Mexico 0.48
Denmark 0.55 Hong Kong 3.12
The Netherlands 0.55 Indonesia 0.21
Austria 0.39 Japan 1.52
Belgium & Luxembourg 3.05 Malaysia 0.22
Portugal 0.08 Thailand 0.3
Spain 1.74 Russia 0.17
Finland 0.17 Middle East 0.27
Sweden 1.05 North Africa -0.21
Greece 0.17 South Africa 0.12
Poland 0.13 Rest o f  the World bo
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6.7 Conclusion

In scaling up to a national outbreak in an Irish context based on the analysis undertaken

78here it can be concluded that SO is more cost-effective in the Irish case. Total costs 

associated with both methods o f  control are calculated here by taking account o f  the 

average direct cost associated with an outbreak (based on a simple average o f  the cost in 

each o f  the four regions), the economic losses incurred by the imposition o f  the three 

separate trade-ban scenarios and the cost to the econom y o f  a 10% decrease in tourist 

numbers as a result o f  an outbreak. The various costs taken into account are given in 

table 6.16 below:

T a b le  6 .16  C o s ts  a sso c ia te d  w ith  th e  a l t e rn a t iv e  c o n t ro l  s t r a te g ie s  e m p lo y e d  in th e  I r ish  case

C os ts S O S O E V

D ire c t  cull costs  (m ax  and min) € 2 1 .8m Region 1

€61 m Region 2

€ 3 9 .6m Region 3

€ 64m  Region 4 (w ithout pigs)

€ 1 88m Region 4 (with pigs)

A verage cost over the four 

regions w as found to be € 4 6 .6m 

without pigs in region 4 taken 

into account and €77m  with pigs.

€ 2 6 .6m  Region 1

€ 4 6 .9m Region 2

€ 3 6 .9m Region 3

€ 9 1 .4m Region 4 (without pigs)

€ 2 15m Region 4 (with pigs)

A verag e  cost over the four 

regions was found to be €50 .4m  

w ithou t  pigs in region 4 taken 

into account and €81 m with pigs.

T r a d e  costs A ggregate  exports  w ould  decline 

by €0 .45m  i f  trade with the U K  

were restricted for three months. 

This figure w ould  grow  to € 9 .7m 

if  the ban was EU -w ide and 

€2 4m  i f  a w orldw ide  ban w ere  in 

place.

A ggrega te  exports  w ould  decline 

by €0 .9m  if  trade with the U K  

w ere  restricted for three months. 

This  figure w ould  grow  to 

€ 1 9 .4 m  if  the ban w as E U -w ide 

and € 4 8 m  i f  a  w orldw ide  ban 

w ere  in place.

T he  ‘a v e ra g e ’ outbreak is taken account, i.e., the average ou tbreak  across regions in term s o f  cull cost, 
trade costs and costs to the tourist sector arising from an F M D  outbreak.
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T ourism  costs (pro rata for 

relevant length o f  outbreak).

The dechne in welfare for 1 year 

is €43 .5m.

Average outbreak length for the 

four regions when SO is 

employed was 68 days therefore 

tourism costs amount to €8m. 

This is a minimum estimate in as 

it does not reflect the fact that 

tourism could in fact suffer for 

much longer in both the SO and 

SOEV scenarios.

Average outbreak length for the 

four regions when SOEV is 

em ployed was 64 days therefore 

tourism  costs were slightly less 

at €7 .62m.

T O T A L C O S T S SO SO EV
This total cost figure is calculated
taking the two scenarios (with
and without pigs into account).

The costs associated with the
‘average’ outbreak in both these
cases for the three trade ban
scenarios envisaged.

The average cost associated with
a 10% decline in tourist numbers
is also used.

W ithout p ig s  in region 4 €55m €58.9m
included; €64.3m €77m
UK ban €78.6m €106m
EU-wide ban
W orldwide ban

€85m €89.5m
With p igs in region 4 included: €94.7m €108m
UK ban €109m €136.6m
EU-wide ban
W orldwide ban

With regard to overall costs and in looking at both the scenarios with and without pigs

included in one o f  the four regions, SO was found to be the more cost-effective control

strategy in all cases. Without taking pigs into account SO was found to be the more

cost-effective to the tune o f  €3 .9m in the case o f  a UK ban scenario, €12 .7m when an

EU-wide ban is in place and €27.4m when a worldwide ban is imposed. These figures

are higher when pigs in region 4 are factored. In that case the cost differential is €4 .5m
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when imports are restricted to the UK, €14.3m when an EU-wide ban is in place and 

€27.6m when restrictions are imposed on Irish exports around the world.

This analysis indicates therefore that in an Irish context the strategic use o f vaccination 

to control or eradicate an outbreak is not the most cost-effective option and the current 

policy o f culling should be maintained. Both direct and indirect costs were found to be 

higher when emergency vaccination is used, based on the average outbreak.
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CHAPTER 7

SUMMARY AND POLICY IMPLICATIONS

7.1 Thesis Overview

FMD is a highly contagious livestock disease with significant repercussions for 

livestock producers particularly in terms o f productivity and trade effects, with many 

other sectors also being negatively affected by the measures which must be taken to 

control an outbreak. The disease has the ability to spread rapidly and survive under a 

variety o f  conditions and its control and eradication is hindered by the many ways in 

which it can be spread. Following the 2001 outbreak in various EU Member States, 

there was severe criticism throughout Europe o f the culling policy used to contain the 

virus in the Member States affected and attention has turned towards the strategic use o f 

emergency vaccination in the event o f future outbreaks.

This thesis examines the potential use o f emergency vaccination in an Irish context, as 

an adjunct to the basic slaughter policy, and explores the cost-effectiveness o f the 

alternative control strategies o f stamping-out (SO) alone and stamping-out in 

conjunction with emergency vaccination (SOEV). In the current climate o f moving 

towards greater agricultural trade liberalisation, leading to the increasing movement o f
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animals, future outbreaks are not just likely but inevitable; therefore it is vital that the 

hazards and control o f another epidemic be confronted. Economic damage was 

minimised during the 2001 outbreak in Ireland due to the speed and effectiveness o f  the 

control strategy put in place; the economic costs o f a potential future outbreak could 

well prove more damaging. Numerous legislative changes were undertaken on the 

European Union level after 2001 and the FMD Directive 2003/85/EC introduced. Each 

M ember State is now required to prepare a cost-benefit analysis o f alternative control 

strategies.

The change in the emphasis placed on emergency vaccination as a disease control 

measure has been assisted by amendments to the OIE rules in May 2002, on the time 

required to regain FMD free status after the use o f vaccination. Ireland can be thought 

o f as fairly unique, given its reliance on agricultural export trade. Any decision to 

employ emergency vaccination as part o f a future control strategy here would have to 

take account o f the impact such a campaign would have on the trading environment. As 

in 2001, the basic disease control policy in the event o f a future outbreak would be the 

slaughter o f susceptible animals on infected premises and those identified as dangerous 

contacts. The use o f emergency vaccination is now allowed by the EU in the event o f 

an outbreak in a Member State.

In the Irish case it is envisaged that vaccinates would subsequently be slaughtered as 

this would result in fewer trade implications than if vaccinates were alternatively 

allowed enter the food chain. Once vaccinates are subsequently slaughtered, countries 

are officially allowed back into markets three months after the slaughter o f the last
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animal. If  vaccinates are not slaughtered market access is restricted for a further three 

months. There remains some ambiguity however; in reality OIE trade rules are not 

always adhered to. There sometimes remains a gap between when official ‘disease free’ 

status has been regained and when markets do in reality re-open. This is further 

complicated when emergency vaccination is used; there seems to be a reluctance on the 

part o f some countries to trade with those who vaccinate and vaccination is still seen as 

an option o f last resort: this can certainly be said in an Irish context in any case. 

Emergency vaccination can however be seen as having a role to play in terms of 

‘dampening down’ the disease or ‘closing-in’ on an outbreak to shorten its duration. It 

is this role that is examined here.

The possibility o f the re-introduction o f FMD into Ireland is o f great concern to not 

alone all those involved in the livestock industry but to the whole nation. In the event o f 

a future outbreak, the most appropriate control strategy must be implemented as quickly 

as possible to minimise the duration o f the outbreak and ensure minimum long-term 

damage. The potential economic impact o f a future outbreak is difficult to quantify, 

however a prompt control response policy is the most important defence against 

potentially catastrophic spread.

The overall conclusion in terms o f the general literature is that stamping-out is the 

preferred option o f control in most cases. As the implications for trade are often 

difficult to assess in reality, it can be seen as the ‘safe’ opfion. Gam er and Lack (1992) 

found this to be the case and underlined the importance o f  regional factors in 

determining the impact o f an outbreak and its subsequent strategies o f control. Mahul
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and Durand (2000); extending their approach, again favoured stamping-out in order to 

avoid large losses. Emergency vaccination in some circumstances can have a role to 

play; it was found to decrease the extent and duration o f  an outbreak in a number o f  

studies; being particularly cost-effective in fast-spread scenarios. The Risk solutions 

study in the UK concluded that it may have a role to play in very large outbreaks.

There is general consensus in the literature too, on the importance o f putting a control 

strategy in place as quickly as possible for it to be effective. Tomassen et al. (2002), in 

a study for the Netherlands, found that regional variation was important in assessing the 

most suitable disease control option and that animal density was also important. They 

found that ring-vaccination was the most economically optimal strategy for densely 

populated areas and ring-culling for sparsely populated areas. Overall, a possible role 

for emergency vaccination in bringing an outbreak under control cannot be denied, 

however, the implications, particularly in terms o f trade are very difficult to assess and 

its use is certainly very much dependent on the circumstances o f the outbreak itself It 

can be seen as having a role to play if  it is envisaged that it can shorten the duration o f 

the outbreak; this gain may however be offset by the additional cost o f remaining out o f 

markets a longer period o f time.

This study comprises both an epidemiological and economic component and attempts to 

evaluate for the Irish case the cost-effectiveness o f  the alternative control strategies SO 

and SOEV for a number o f hypothetical outbreaks using two computer simulation 

models. It should be acknowledged at this point that models merely serve as a general
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guide as to the appropriateness o f the employment o f alternative control strategies. The 

simulation results reported here are subject to the assumptions made in the models.

There are three main parts to the thesis. The first focuses on the epidemiology o f the 

disease and the epidemiological model NAADSM. The second part analyses the 

subsequent direct costs and economic effects for the agricultural sector. The third part 

examines the indirect costs and the knock-on effects for the entire economy and in 

particular the tourism industry.

Chapter 2 describes the epidemiology o f FMD with a general introduction to the area of 

veterinary and animal health economics and provides an insight into the general nature 

o f the disease. Animal Health Policy with a particular emphasis on alternative methods 

o f  FMD control and eradication in the context o f EU legislation is then discussed. The 

history o f the disease and in particular experiences from Ireland and Europe were 

explained and a synopsis o f the 2001 outbreak given; the timeframe involved, the 

control strategies in place and its subsequent economic consequences. Finally, the 

relationship between agricultural trade and FMD was assessed.

Chapter 3 comprises a review o f the literature. There is a growing literature on the 

threat o f transboundary animal diseases and there has been much written within a cost- 

benefit framework on the control o f the disease. There are three main strands to the 

literature; the first focussing on the use o f routine (annual) as opposed to emergency 

vaccination (e.g.. Power and Harris, 1973, Krystynak and Charlebois, 1987, Erb, 1988, 

Berentsen, Dijkhuizen and Oskam, 1992); the second dealing with the strategic use o f 

emergency vaccination in the event o f an outbreak (Mahul and Durand, 2001 (France);
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James and Rushton, 2002; Risk Solutions, 2005 (U.K.); Tomassen et al, 2002 (The 

Netherlands); Schoenbaum and Disney, 2003 (U.S.A)); and finally, the integration of 

CGE modelling into the analysis to capture the broader economy-wide effects of an 

outbreak and subsequent control strategies has added a new dimension. Two recently 

published Scottish studies have added greatly in this regard (McDonald, Roberts and 

Kay, 2003; The Fraser of Allander Institute, 2003).

Chapter 4 outlines how by combining the epidemiological and economic modules 

contained in NAADSM, the alternative control costs associated with SO and SOEV are 

compared in an Irish context for a number of hypothetical outbreaks. In choosing an 

appropriate control strategy in the face of a particular outbreak, it is assumed that the 

decision-maker will choose to minimise overall economic cost. The model, its 

methodology and parameterisation were outlined in this chapter. Irish specific 

parameter values were used where possible, but where these were unavailable 

substitutes from the literature were chosen.

Chapter 5 outlined the regions to be examined and the simulation scenarios undertaken. 

Regions of differing herd density, production type and location within the country were 

chosen for study to assess how well both control strategies would operate in a number 

of diverse areas. Sheep and cattle were modelled in all regions and pigs were taken into 

account in Co.Cavan where 61% of the nation’s pigs are housed. Disease spread was 

simulated on a herd-to-herd basis and the model parameters were species specific. The 

simulations were based on a specific parameterisation of the model (as outlined in 

chapter 4) and are therefore subject to a particular set of assumptions. These parameters
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can be modified to test a number o f alternative scenarios. This is something I would 

like to undertake in the future. The epidemiological and economic results from 

NAADSM were then summarized and the direct costs o f control associated with the 

alternative control strategies are analysed.

In Chapter 6 the economic implications for trade and tourism and the indirect costs 

associated with alternative control strategies were further examined using the CGE 

model, GTAP. Having simulated several illustrative outbreaks with regions o f differing 

herd size and density, this output was then used to generate subsequent trade and price 

effects at both a regional and national level. The overall economic impact o f a disease 

outbreak, trade and movement restrictions and the cost effectiveness o f alternative 

control strategies is encompassed in this exercise. The economy-wide effects o f a 

decrease in the national herd and the implications o f trade bans are assessed as is the 

national impact o f a loss in tourist revenue. Three issues are examined here using 

GTAP:

1. The cull o f  livestock -  the impact o f a reduction in the overall number o f 

animal in the national herd and hence a decrease in the supply o f cattle and 

sheep (and thus quantity o f beef and sheep sold).

2. The impact o f  trade restrictions -  the implications arising from a number o f 

trade ban scenarios (from three months in the best-case scenario up to a year in 

the worst-case scenario). These are examined both at an EU and non-EU level.

281



3. Knock-on effects fo r  the tourism sector -  the impact o f a decrease in the number 

o f foreign tourists for all sectors. Foreign tourism demand is taken account of 

only here. An outbreak would result in a reshuffling o f expenditure by domestic 

residents; expenditure remains within the country, so therefore any change in 

domestic tourism demand has a second order impact compared to loss o f tourism 

exports and therefore its quantification is less important.

7.2 Summary of Results

In terms o f assessing the direct costs o f FMD control, it would appear from the analysis 

that a policy o f SOEV is more cost-effective in tackling an outbreak in a low density 

region only. However it is important to note that factors other than herd density are 

more than likely o f influence, i.e., regional specific issues regarding production type and 

other structural differences are generally thought to be o f importance, given that the 

suitability o f control strategies seems to differ greatly amongst the regions examined. 

Holding constant all modelling parameters, SO was found to be more cost-effective in 

two out o f the three high-density regions. Overall, this underlines the fact that there is 

no common ‘best’ policy in terms o f FMD control in the face o f an outbreak -  

differences across regions in terms o f area, size and structural differences indicate that 

any decision taken in determining the most appropriate control strategy must be taken at 

a regional level. The general finding that the use o f emergency vaccination in the main 

is uneconomic when compared to stamping-out alone is in line with previous studies
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(Gamer and Lack, 1995; Mahul and Durand, 2000; Schoenbaum and Disney, 2002). 

The contribution o f this analysis is to illustrate the working o f the epidemiological 

model which appears to accurately follow the path o f disease spread and the relative 

effectiveness o f the chosen control strategies in minimising both the duration and 

overall costs o f  an outbreak. It is interesting to note that taking pigs into account in the 

final scenario had no bearing on the overall cost-effectiveness results o f the two 

strategies.

In scaling up to a national outbreak in an Irish context based on the analysis undertaken 

here it can be concluded that SO is more cost-effective in the Irish case. With regard to 

overall costs (direct and indirect) and in looking at both the scenarios with and without 

pigs included in one o f the four regions, SO was found to be the more cost-effective 

control strategy in all cases. Without taking pigs into account SO was found to be the 

more cost-effective to the tune o f €3.9m in the case o f a UK ban scenario, € 12.7m when 

an EU-wide ban is in place and €27.4m when a worldwide ban is imposed. These 

figures are higher when pigs in region 4 are factored. In that case the cost differential is 

€4.5m when imports are restricted to the UK, €14.3m when an EU-wide ban is in place 

and €27.6m when restrictions are imposed on Irish exports around the world.

Based on the average outbreak then for a number o f hypothetical regions this study 

favours the continuation o f the culling policy in an Irish context. Stamping-out was 

found in the main to incur fewer relative direct and indirect costs and minimised the 

economic impact for the economy as a whole.
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7.3 Conclusion and Future Work

This is the first attempt, as far as I am aware, to examine the economics o f FMD 

eradication and control in an Irish context. For this purpose, we have applied an 

epidemiological model built originally to study FMD control in North America to the 

Irish case study; using Irish values for disease spread and control parameters where 

possible.

In terms o f future work, other regions and scenarios could be examined with differing 

probabilities o f disease spread etc. to see if any these conclusions continue to hold. 

These simulations sewe to illustrate the workings o f the model and to ascertain the most 

cost-effective control strategy given the assumptions made (in terms o f the 

parameterisation o f the model) and the results reflect the general consensus o f the 

literature. The finding that stamping-out appears to be the more cost-effective control 

option is at odds with the hypothesis that vaccination will close-in on the disease and 

hence result in an outbreak o f a smaller scale. The epidemiological model itself could 

possibly be elaborated to take better account o f specific Irish conditions i.e., 

commonage, fragmentation, spread conditions etc. In terms o f the economic model; 

using a short-term closure in GTAP would also add to the analysis and give a clearer 

picture o f the immediate effects o f the shocks implemented both within and outside the 

agricultural sector: this is something I intend doing next.

The financing o f the alternative control strategies is also something that would be worth 

examining. A new era is being entered in European agriculture with a move away from
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production-linked support. The general support measures o f CAP and the willingness 

o f  governments to finance the control and eradication o f disease outbreaks has 

heretofore made research in this area unnecessary; however with the increased 

probability o f outbreaks and public pressure for producers to take more o f the burden o f 

costs, the financing o f alternative disease control strategies must be addressed. This is 

particularly relevant as any future outbreak is bound to damage not alone the 

agricultural sector and the rural economy; the entire economy could be affected as a 

consequence o f movement restrictions etc. This was evident in the 2001 outbreak when 

Tourism was the big loser -  agriculture actually benefited from the simultaneous 

outbreak in the UK.
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Appendix A: OIE Trade rules

The following are the general principles for declaring a country or zone free from disease/infection  in 
relation to the tim e o f  last occurrence, and in particular for the recognition o f  historical freedom (Article
3 .8 .1 .1.).

Article 3.8.1.2.
Requirements to declare a country or zone free from infection 
I. H istorically free

Unless otherwise specified in the relevant disease chapter, a country or zone may be recognised free from 
infection without form ally applying a specific surveillance programme when:

a. There has never been occurrence o f  disease; or

b. Eradication has been achieved or the disease/infection has ceased to occur for at least
25 years,

c. It has been a notifiable disease;

d. An early detection system has been in place;

e. M easures to prevent disease/infection introduction have been in place;

f  No vaccination against the disease has been carried out;

g. Infection is not known to be established in wildlife.

2. Last occurrence between 10 and 25 years previously

For countries or zones that have achieved eradication (or in which the disease/infection has ceased to
occur) between 10 and 25 years previously, in addition to the above conditions, appropriate specific 
surveillance must have been applied to dem onstrate the absence o f  the agent.

3. Last occurrence within the past 10 years

Countries or zones that have achieved eradication within the past 10 years (or in which the 
disease/infection has ceased to occur) should follow the specific disease surveillance requirem ents in the 
Terrestrial Code if  they exist or the general guidelines for surveillance outlined in the Terrestrial Code.

Article 3.8.6.4.

Countries or zones applying for freedom from FMD where vaccination is practised

In addition to the general conditions, a country or zone applying for recognition o f  freedom from 
FMD with vaccination should show evidence o f  an effective surveillance program m e for clinical 
disease and dem onstrate that FMD has not occurred in the country or zone for the past 2 years. 
Furtherm ore, surveillance for FMDV infection should show that FM DV has not been circulating 
in the vaccinated population within the past 12 months. This will require serological surveillance 
incorporating tests able to detect antibodies to NSPs as described in these guidelines. Evidence 
to show the effectiveness o f  the vaccination program m e is recommended.
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Article 3.8.6.5.

Countries or zones re-applying for freedom from FMD where vaccination is either practised or 
not practised, following an outbreak

In addition to the general conditions, a country re-applying for freedom from FMD where 
vaccination is practised should show evidence o f  an active surveillance programme for FM D as 
well as FMDV infection.

Four strategies are recognised by O lE in a programme to eradicate FM DV infection following an 
outbreak:

1. Slaughter o f  all clinically affected and in-contact susceptible animals;
2. Slaughter o f  all clinically affected and in-contact susceptible animals and

vaccination o f  at-risk animals, and subsequent slaughter o f  vaccinated animals;
3. Slaughter o f  all clinically affected and in-contact susceptible animals and

vaccination o f  at-risk animals, w ithout subsequent slaughter o f  all vaccinated 
animals;

4. Vaccination used without slaughter o f  affected animals or subsequent slaughter o f 
vaccinated animals.

The tim e periods before which an application can be made for re-instatem ent o f  freedom from
FMD depending on which o f  these alternatives is followed are indicated in Article 2.1.1.7. o f  the
Terrestrial Code.

A rticle  1.3.5.1.

'Zoning' is a procedure implemented by a country under the provisions o f  this Chapter with a 
view to defining geographical areas o f  different anim al health status within its territory for the 
purpose o f  international trade, and in accordance with the recom m endations stipulated in the 
relevant Chapters in the Terrestrial Code.

Article 1.3.5.2.

The requirem ents necessary to preserve the special health status o f  a zone must be appropriate to 
the particular disease. The requirements will differ and size, location and delineation o f  a zone 
will depend on the epidem iology o f  the disease, environmental factors, and surveillance and 
control measures applicable. The extent o f  zones and their limits should be established by the 
Veterinary Administration  on the basis o f  natural, artificial or legal boundaries and made public 
through official channels.

Thus defined, the zones constitute the relevant geographical units for the application o f  the 
recom m endations in Part 2 o f  the Terrestrial Code.

Article 1.3.5.3.

W hen an exporting country has defined a zone within its territory in respect o f  one or more o f  the diseases 
covered by the Terrestrial Code, it needs to implement the measures stipulated in the Terrestrial Code for 
setting up and maintaining such a zone.

An im porting country should recognise the existence o f  this zone and accept the application o f  the 
appropriate measures recommended in the Terrestrial Code corresponding to the anim al health status o f 
the zone with regard to the importation, or transit through its territory, o f  commodities from the zone.
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