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Emergency preparedness for foot-and-mouth disease (FMD) remains a core issue for 
European Veterinary Services, as entry of FMD continues to be a risk for the region, and 
the consequences would be devastating.   

The majority of European countries have not faced an FMD incursion, for many decades, 
and therefore lack direct experience in dealing with such a situation.  As a cattle, small 
ruminants, pigs and even wildlife may be involved in an epidemic, there are no direct 
comparator diseases and therefore we need to be able to simulate what may happen in 
an epidemic to improve understanding of the consequences as well as for improved plans 
and appropriate training, equipping and exercising.   

Decision support tools, such as disease models can help us to do a better job in preparing 
for FMD, as we can simulate the spread of the disease, select various control measures, 
allocate resources for control and test decisions we would make, and explore the range 
of likely consequences.  

The European Commission for the Control of Foot-and-Mouth Disease (EuFMD) has 
endorsed a specific programme under the EuFMD workplan 2015 - 2019 (component 1.2). 
The objective of the programme is to improve contingency planning by Member States 
and at European level and to improve the use of decision support tools in emergency 
preparedness for FMD.  EuFMD has recognized, that several disease spread models exist 
both in Member States (MS) and worldwide, but there is currently a lack of models able 
to simulate the spread and control of FMD on a multi-country, European scale, while also 
being intuitive and easy to use for FMD contingency planners.  

Based on EuFMD’s positive experience, working with the Australian Animal Disease 
Spread (AADIS), during disease modeling training workshops held in 2014 and 2016, and 
reacting to the regional initiative of Central European countries interested to collaborate 
on disease spread modelling (formerly known as CroBoDiMo, 2016), EuFMD proposed a 
project to the adapt the Australian model to the European setting, using Funds for Applied 
Research (FAR), provided by the European Commission.  

In 2017, seven European countries collaborated in a pilot project to develop a multicounty 
European FMD model, including: Austria, Bulgaria, Croatia, Hungary Italy, Romania and 
Slovenia, with the leadership and guidance of EuFMD. As a result of this project, a new 
modelling tool, the European Foot-and-Mouth Disease Spread Model (EuFMDiS) has been 
produced. The model is a derivative from the AADIS model, and the work of Graeme 
Garner and Richard Bradhurst in the development of AADIS and the almost complete 
transformation with European parameters and data, is highly appreciated and recognized, 
as is the ownership of AADIS by the Commonwealth of  
Australia.   
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The purpose of this manual is to help both EuFMDiS users and interested Member States 
(MS) to understand and provide instructions in how to use the model. It is an in depth-
document that provide a detailed description of how the model operates, lists the various 
data requirements needed to use EuFMDiS, how to install and run the application and 
how to interpret the outputs of the model.  

We wish to thank the national focal points and country experts who have participated in 
the project and particularly for the work required to provide the datasets needed to build 
the current version of the model. We hope that over time other MS will join the initiative 
and contribute to establishing a pan-European model that can be of benefit for the entire 
European region and assist in increasing the FMD emergency preparedness for the whole 
of Europe.  

Keith Sumption  

Executive Secretary of the European Commission for the Control of Foot-and-Mouth  

Disease  
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1 Introduction  

EuFMDiS is a multi-country adaptation of the Australian Animal Disease Spread Model 

(AADIS) (Bradhurst et al., 2015). It has been developed as a veterinary epidemiological 

research tool for a limited user group and as such is not a polished commercial software. 

Emphasis has been placed on a software architecture that efficiently represents national-

scale livestock populations, and on the underlying epidemiological principles. There is not 

a front-end configuration tool and, as such, users must manually (and carefully) edit Java 

properties files and CSV files, and manually build a relational database.  

The EUFMDIS_ROOT variable used in this guide refers to a user's local EuFMDiS folder. For 

example, EUFMDIS_ROOT for a user mark might be C:\Users\mark\eufmdis  

2 Installation  

2.1 System requirements  

2.1.1 Hardware  

• The minimum RAM requirement for running lengthy epidemiological simulations 

is  quad core 16GB RAM. 

•  The ideal configuration is hexa core 32GB RAM 

• A quad-core processor is recommended due to the highly concurrent nature of the 

EuFMDiS software architecture. 

• The ideal number of Physical core is 6 

• The ideal screen resolution is 1920 x 1080. 

• The map is best zoomed via a USB mouse equipped with a scroll wheel. 

2.1.2 Supported operating systems  

EuFMDiS runs under 64-bit Windows 7, 8 and 10, and 64-bit Linux. This guide only covers 

Windows.  
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2.1.3 Software dependencies  

EuFMDiS requires an installation of 64-bit Java and PostgreSQL. Other dependencies 

(OpenMap, Apache Common Maths, Apache Common Lang) are bundled with the 

EuFMDiS software as local libraries.  

 

2.1.4 Administrator access  

Administrator access is required to install Java and PostgreSQL. Note: if you are installing 

EuFMDis on your office computer, authorization from your IT department may be 

required. Without the administrator privileges, it will not be possible to complete the 

installation process. (see: 2.2.3-1 and 2.2.5-11) 

2.2 Installation steps  

2.2.0 Installation of the new version (EuFMDiS 1.4) 

If you have already installed previous version of EuFMDiS, follow the instructions below 

otherwise, follow the steps from 2.2.1 to 2.2.8 

1) Backup your eufmdis\config folder to config.1.2 

2) Copy the new config folder over the old one 

 3) Copy your old windows.properties file from config.1.2\system into config1.4\system. 

 4) Edit your new system.properties file with WordPad and replace the default postgres 

password with your own particular one (see step 2.2.4 below) 

 5a) Copy the new data folder into your eufmdis folder 

5b) Copy the new obj folder into your eufmdis folder 

6) Build the demo database (see step 2.2.7) 

7) Run the demo (by choosing demo.properties via the run EuFMDiS icon contained in 

shortcut folder. 

8) If this works ok, proceed to build the rest of the databases. (see step 2.2.7) 
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2.2.1 Step 1: Install EuFMDiS folders  

 

1) Copy the EuFMDis folder from the installation media onto your computer.  

2) Extract the EuFMDis folder and choose a location.  

3) Check if in your EUFMDis folder you can see the following sub-folders:  

• config – system, disease, country and scenario configuration files. 

• data – database schema and CSV data files, icons and shape files. 

• doc – documentation. 

• lib – 3rd party libraries. 

• obj – Java class files. 

• bin – scripts for building the database and running the model. 

• install – installers for postgreSQL, postGIS and Java. 

• shortcuts – convenient EuFMDiS shortcuts for the Windows desktop 

2.2.2 Step 2: Install Java  

If Java is not already installed, then: 

1) Open your EuFMDis folder 

2) Double-click on the subfolder “Install”  

3) Run the installer jre-8u101windows-x64.exe. (see figure 1) 

 

Figure 1 Java installation 
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Note: that later versions of Java may well be compatible with EuFMDiS, but the quickest 

option is to simply install the supplied version. 

Java versions 1.6 through to 1.8 are compatible with EuFMDiS 1.0. To check the version of a 

prior installation of Java, run the following command from a Command Prompt or 

PowerShell: > java -version  

 

2.2.3 Step 3: Install PostgreSQL  

PostgreSQL 8.4.15 is compatible with EuFMDiS 1.0. Later versions may work but are not 

recommended as they have not yet been tried.  

If PostgreSQL is not installed, then:  

1) Login with Administrator privileges. 

2) Run the installer postgresql-8.4.15-1windows.exe contained in the subfolder 

“Install”. (see figure 2) 

3) Allow the app to make changes to your PC. 

4) Accept the default installation and data locations. 

5) If security is not a concern enter something easy to type (e.g., 123) as the 

postgreSQL password.  

6) Make a note of the password you choose. 

7) Accept the default port 5432. 

8) Accept the default locale. 

9) Accept the installation of pl/pgsql. 

10) After installation has completed, decline the launching of Stack Builder and exit. 

 

 

Figure 2 PostgreSQL installation 
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To determine the version of a prior installation of PostgreSQL, run the pgadminIII tool (that 

is bundled with PostgreSQL) to check the server name. If PostgreSQL is already installed, 

you will need to find out (and record) the PostgreSQL server password. If the password is 

awkward to type and database server security is not a concern, then the password should 

ideally be changed to something easy to type (as building a database requires the entry of 

the postgres password four times).  
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2.2.4 Step 4: Set up EuFMDiS (config.bat, system.properties, Windows.properties) 

config.bat file 

1) Open a Wordpad blank page 

2) Click on File -> Open  

3) Open your EuFMDis folder, open the sub-folder “bin” 

4) Allow all document file types. 

5) Open config.bat file. 

6) Change the ROOT variable to your EUFMDIS ROOT directory for example set 

ROOT= C:/Users/Tiziano92/Documents/EuFMDis. (see Figure 4). 

7) Save the file as a text-only document. 

 

Figure 3 Change directory in config.bat file 

system.properties 

1) Follow steps 1 and 2 of the previous paragraph.  

2) Open your EuFMDis folder, open the sub-folder “config”-> “system” 

3) Allow all documents file types. 

4) Open system.properties file. 

5) Click on “find” and type the word “password”. 

6) Change the db.password variable to your previously chosen PostgreSQL password, 

for example: db.password=0000 (see figure 5) 
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Figure 4 change the password in system.properties file 

7) Save the file as a text-only document. 

 

windows.properties 

1) Follow steps 1 and 2 of the previous paragraph.  

2) Open your EuFMDis folder, open the sub-folder “config”-> “system”. 

3) Allow all documents file types. 

4) Open windows.properties. 

5) Change all the directory references to match your EUFMDIS_ROOT directory, for 

example: C:/Users/Tiziano92/Documents/EuFMDis/config/scenario 

(see figure 6) 

6) Note: change only the parts highlighted in red in figure 6. 

7) Note: once you have decided where to place the EUFMDIS folder, do not change 

its location, otherwise it will be necessary  to repeat all the steps described above. 
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8) Save the file as a text-only document. 

 

 

 

 

 

 

 

Figure 5 change the directory in windows.properties file 
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2.2.5 Step 5 Share the folder 

1) Open the File Explorer,  

2) Right click on your EuFMDis folder and click on Properties. 

3) Click on sharing label and then click on share. 

4) Share the entire EUFMDIS_ROOT directory with the postgres user. (Administrator 

privileges required) (see figure 7) 

 

Figure 6 share the folder with the postgres user 

 

 

2.2.6 Step 6 Shortcuts 

1) Copy the shortcuts folders from your EuFMDis onto the desktop.  
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2) Open the shortcut folders, you should have 5 files called: RunEuFMDis; Run batch; 

Edit Scenario; edit batch file; Build database. 

3) Right click on one of the file -> properties. For all these files is necessary to change 

the file directory.  

4) Note: Change only the parts highlighted in red (see figure 8). 

 

2.2.7 Step 7: Build the demo database  

PostgresSQL databases must be built by the postgres user. EuFMDiS users must 

temporarily assume the postgres user identity when building databases. Under Windows, 

this is achieved via the 'runas' facility which prompts for the postgres password. The 

following instructions describe how to build the demo database by temporarily assuming 

the identity of the postgres user.  

1. Run the 'build EuFMDiS' shortcut. 

2. A 'file chooser' pop-up should appear. Select the eufmd\demo.properties config 

file. 

Figure 7 change the path for the shortcuts 
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3. Enter the postgres password when prompted. (Note that this occurs four times: 

assuming the postgres user identity and then authenticating with the postgres 

server for both deleting and creating a database.) 

4. A database should normally take about one minute to build. If the build process 

finishes immediately, then an error has occurred. Only proceed to steps 5 to 12 if 

an error has occurred. 

5. Open a Command Prompt or PowerShell from the Start menu. 

6. Navigate to Open a Command Prompt or PowerShell from the Start menu. 

7. Navigate to EUFMDIS_ROOT\bin (e.g., cd 

C:/Users/Tiziano92/Documents/EuFMDis/bin) see figure 9 

 

 

 

 

 

Figure 8 use the command prompt to build the database 

8. Type in the following command: 

> build_db_as_postgres eufmd\demo.properties 

9. Enter the postgres password when prompted. 

10. Take note of any error messages that appear in the window. If you have recently 

edited a database file, then this may be causing the problem. Once the database 

file is repaired, start the building process again from step 8 onwards. 

11. When the database has built, you can test it by dumping the herd_type table with 

the following command in EUFMDIS_ROOT\bin: 

> dump_db eufmd\demo.properties herd_type 

12. Alternatively, the database build can be manually verified by invoking the 

pgAdminIII tool via the Start menu. 
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2.2.8 Step 8: Test the installation with the demo scenario  

1. Run the 'run EuFMDiS' shortcut. 

2. A 'file chooser' pop-up should appear. Select the eufmd\demo.properties scenario 

config file. 

3. If the model does not run, then check for error pop-up messages. If there are none, 

then run the model manually as follows: 

4. Open a Command Prompt or PowerShell via the Start menu. 

5. Navigate to EUFMDIS_ROOT\bin with, for example, the following command: > cd 

C:/Users/Tiziano92/Documents/EuFMDis) 

6. Type in the following command: 

> run_model -m eufmd\demo.properties 

7. Error messages may appear in the Command prompt window 
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3 Configuring the model  

3.1 Database  

3.1.1 Overview  

A relational database (PostgreSQL, 2015) is used to store project-level data that may be 

large with cross-dependencies. This includes the herd population, weather data, 

movement patterns and species/pathogen specific parameters. An example of a 

crossdependency is the Herd table which contains references to several other tables (e.g., 

herd type, farm type, region, assembly centre and weather station. To ensure referential 

integrity, any change to a table requires a database rebuild. The database is comprised of 

approximately 40 tables and each table has a corresponding CSV input file. Database 

creation is comprised of three distinct activities (Figure 1). The design of the database 

schema is part of the model development process and not normally a user concern. 

Dataset creation/maintenance is carried out by editing a CSV data file of interest (with a 

spreadsheet program such as Excel), and then rebuilding the database (activities 2 and 3 

below).   
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• Database schema design (orange) The 

 SQL  Power  Architect  data 

modelling tool (SQL Power Group, 

2015) is used to create and maintain 

the relational database schema and 

generate the corresponding data 

definition language (DDL) script. 

• Dataset  creation/maintenance 

(green) – Creation/editing of CSV data 

files. 

• Database creation and population 

(mauve) – The EuFMDiS database 

builder uses the DDL script and CSV 

data files to create and populate the 

database. 

3.1.2 Creating a new database  

The typical starting point of a project is to copy an existing database and then customize 

individual tables as needed. In the following example a user called Mark creates a new 

database called EUFMDIS_MARK based on the EUFMDIS_DEMO database.  

1. Browse the set of available databases in EUFMDIS_ROOT\data via a directory 

viewer such as Dolphin or File Explorer. Under Windows, if EuFMDiS shortcuts 

have been installed, use the 'Browse databases' shortcut on the desktop. 

2. Copy the EUFMDIS_DEMO directory to a new EUFMDIS_MARK directory. 

3. Browse the CSV files in the EUFMDIS_MARK directory. It might be useful to review 

the database schema (accessible via the EuFMDiS Database menu or by browsing 

the EUFMDIS_ROOT\doc directory). 

4. Right click on a CSV file of interest and open for editing in Excel or LibreOffice. 

5. Edit rows as desired. It is important to note that columns cannot be added/deleted 

without a corresponding change in the database schema and model Java code. 

Figure 1.  EuFMDiS database creation  
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6. Save edited file(s) in CSV format. 

7. Use a directory viewer such as Dolphin or File Explorer to navigate to 

EUFMDIS_ROOT\config\scenario\. Copy demo.properties to a new file called 

mark.properties. 

8. Open mark.properties in a text editor such as WordPad or vi. Change 

db.name=EUFMDIS_DEMO to db.name=EUFMDIS_MARK. Change 

scenario.name=demo to scenario.name=mark. For the time being we will 

assume that country.config=europe.properties and 

disease.config=fmd_europe.properties are appropriate for mark. 

9. Build the new EUFMDIS_MARK database by invoking the 'build EuFMDiS' shortcut 

and selecting the new mark.properties config file. 

10. Test the new EUFMDIS_MARK database by invoking the 'run EuFMDiS' shortcut 

and selecting the new mark.properties config file. 

3.2 Configuration files  

All configuration files are Java 'properties' files which use key/value pairs (e.g., 

scenario.num_runs=10. Whenever a parameter is changed in a configuration file the 

EuFMDiS program must be re-invoked at the OS level. The country and disease 

configuration files are typically tailored once at the start of a study. The scenario 

configuration files are adjusted regularly on an as-needed basis. The system configuration 

files (shaded below), are typically not modified by a user.  

 –    

Table 1. Summary of configuration files  

Name  File name  Contents  

Disease config  disease.properties (e.g., 

fmd_europe.properties)  
Configuration parameters specific to the disease being 

modelled.  

Country config  country.properties (e.g., 

europe.properties)  
Configuration parameters specific to the country in 

which the disease is being modelled.  

Scenario config  scenario.properties  
(where  scenario 

 is  a user-

defined name)  

Configuration parameters specific to the outbreak 

scenario being modelled. The scenario configuration file 

specifies which disease and country configuration files 

to use and which database to use.  
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System config  system.properties  System-level configuration parameters, for example: 

spatial-indexing mode (grid-based, R-Tree-over-GiST, 

off), cell dimensions of spatial-indexing grid, GUI 

definitions, PostgreSQL database configuration. These 

parameters don't change very often and so the file is 

generally not changed by users.  

Platform config  linux.properties 

windows.properties  
Operating system-dependent configuration 

parameters, for example directory/folder locations. 

These parameters don't change very often and so these 

files are generally not changed by users.  

Logging config  log4j.properties  Configuration of the Apache Software Foundation 

(Apache, 2012) logging services. These parameters 

include control of the level of logging output (off, info, 

debug, trace) for each subsystem. These parameters are 

for development and test purposes, and so this file is 

generally not changed by users.  

GIS config  openmap.properties  Configuration of the Openmap (BBN, 2015) GIS 

platform. These parameters don't change very often 

and so this file is generally not changed by users.  

 

3.3 Livestock population dataset  

The population of FMD-susceptible livestock is aggregated into holdings of constituent 

herds based on species and farming practices. A herd has static attributes (e.g., ID, type, 

size, latitude and longitude, jurisdiction, region and nearest weather station), and 

dynamic attributes describing infection status. The herd dataset is stored in the Herd DB 

table. A holding can have one or more herds. A holding has static attributes (e.g., ID, type 

and constituent herd IDs), and dynamic attributes describing disease control and 

eradication status. EuFMDiS spatially identifies a holding and its constituent herds as a 

single point of latitude and longitude.   
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  Table 2. EuFMDiS holding and herd types  

Holding types  Herd types  

Large commercial dairy  Large commercial dairy  

Large commercial beef  Large commercial beef  

Small commercial beef  Small commercial beef  

Commercial buffalo  Commercial buffalo  

Commercial small ruminants  Commercial small ruminants  

Large-scale commercial fattening pigs  Large-scale commercial fattening pigs  

Large-scale commercial breeding pigs  Large-scale commercial breeding pigs  

Small-scale commercial pigs  Small-scale commercial pigs  

Backyard  

Mixed  

Backyard  

 

3.4 EBM configuration  

EuFMDiS employs a non-spatial, deterministic SEIR compartmental approach to model 

within-herd spread of FMD (Figure 2). Although this introduces additional complexity and 

computational overhead compared to a pure individual-based approach such as a 

microsimulation, it captures the multi-scale nature of livestock outbreaks (Carpenter et 

al., 2003). For a model of national-scale it is important to be able to distinguish between 

micro-level disease dynamics (for example, within an intensively farmed holding), and 

those on a macro-level (for example, stemming from very long range livestock 

movements.   
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A herd is defined as a homogenous group of animals with respect to species and 

production system. Each infected herd is represented by an ODE-based EBM that takes 

into account the herd type, herd size and the pathogen under study. The rate of animals 

joining a herd via births and transfers in, is assumed equal to the rate of animals leaving 

a herd via natural deaths and transfers out. The assumption of a constant herd size, 

although not quantifiable, is a reasonable concession when modelling on a large-scale. 

Modelling the spread of disease within a herd deterministically is reasonable for such a 

highly contagious disease as FMD, that once introduced into a susceptible herd will 

typically progress unchecked (Meyer and Knudsen, 2001; Carpenter et al., 2003, Kostova-

Vassilevska, 2004).  

The parameterization of the EBM ODE system is dependent on the strain of FMD, the 

relative infectiousness and susceptibility of the species, and the production system (which 

influences the degree of contact between animals). The baseline ODE configuration is 

derived from various FMD studies (Carpenter et al., 2004; Orsel et al., 2005; Orsel et al., 

2007a; Orsel et al., 2007b; Goris et al., 2009; Orsel et al., 2009; Brito  

 –    
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et al., 2011), taking into account characteristics of the production systems. The ODE 

configuration data is held in the Ebm database table (Table 3).  

Table 3. EBM configuration (per herd type)  
Parameter  Description  Location  Example  

Beta  Effective contact rate  EBM DB table  value 

6  
Latent period  Average duration of the latent period (days)  EBM DB table  2  

Infectious period  Average duration of the infectious period (days)  EBM DB table  4  

Clinical period  Average duration of the clinical period (days)  EBM DB table  12  

Clinical lag  Average number of days after infection that clinical 

signs appear  
EBM DB table  5  

Proportion  
clinical  

The proportion of the herd that will show 

detectable clinical signs (expressed as a value 

between 0 and 1)  

EBM DB table  1  

Minimum 

vaccine immune 

period  

Parameter in a beta-PERT distribution of the 

number of days that the herd will be vaccine 

immune  

EBM DB table  150  

Most likely 

vaccine immune 

period  

Parameter in a beta-PERT distribution of the 

number of days that the herd will be vaccine 

immune  

EBM DB table  180  

Maximum 

vaccine immune 

period  

Parameter in a beta-PERT distribution of the 

number of days that the herd will be vaccine 

immune  

EBM DB table  210  

Minimum natural 

immune period  
Parameter in a beta-PERT distribution of the 

number of days that the herd will be naturally 

immune  

EBM DB table  180  

Most likely 

natural immune 

period  

Parameter in a beta-PERT distribution of the 

number of days that the herd will be naturally 

immune  

EBM DB table  280  

Maximum 

natural immune 

period  

Parameter in a beta-PERT distribution of the 

number of days that the herd will be naturally 

immune  

EBM DB table  365  

Seropositive lag  Number of days after infection that a herd 

becomes serologically positive  
Species DB 

table  
5  

Seropositive 

duration  
Duration in days that a herd remains serologically 

positive.  
Species DB 

table  
365  

When a susceptible herd becomes infected the ODE system is solved numerically via a 

4th-order Runge Kutta method (Cash and Karp, 1990), to yield the SEIR compartmental 

ratios over time. The EBM further divides the Recovered compartment into the 

proportion of animals that are naturally immune, vaccine immune or culled. The EBM 
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table contains beta-PERT parameters (minimum, most likely and maximum values), that 

define vaccine and natural immunity periods per herd type. The number of animals in 

each SEIR state is obtained by multiplying the compartment ratio by the herd size and 

rounding to the nearest whole animal.   

Infected prevalence is defined as the proportion of the herd that is carrying the virus, i.e., 

the sum of the Exposed and Infectious compartment ratios. Infectious prevalence is 

defined as the proportion of the herd that is infectious, i.e., the Infectious compartment 

ratio.   

Clinical prevalence is defined as the proportion of the herd that is exhibiting clinical signs. 

Clinical prevalence is derived from the infected prevalence taking into account a species-

dependent lag between infection and the appearance of clinical signs, and a species-

dependent clinical signs damping factor (representing, for example, how sheep exhibit 

milder clinical signs than cattle).  

3.5 Spread pathway configuration  

EuFMDiS provides the following spread pathways:  

3.5.1 Local Spread  

Local spread covers the short-range transmission of disease from an infected herd to 

neighbouring susceptible herds (Sanson, 1994). Local spread is an important pathway for 

FMD, particular in high-density farming areas, for example, the majority of the cases in 

the 2001 UK FMD outbreak were attributed to local spread (Gibbens et al., 2001). The 

mechanism of local transmission is poorly understood, and could include: short-range 

aerosol spread across fences; direct spread via the straying of stock; and indirect spread 

via vehicles, people, surface runoff, and sharing of equipment between neighbours 

(Gibbens et al., 2001; Kitching et al., 2006). EuFMDiS represents local spread with a spatial 

kernel that aggregates all spread mechanisms inside a circular area enclosing each 

infected herd (default radius 3km). The direct, indirect, assembly centre and airborne 

spread pathways do not operate inside the local spread area. All susceptible herds inside 

a local spread area are deemed at-risk, with the probability of transmission influenced by 

the distance between an infected herd and a susceptible herd.   

The probability of transmission pi from an infected 'source' herd to each at-risk 

'destination' herd is decided stochastically, taking into account: infectious prevalence in 

the source herd; infectivity of the source herd (based on species and size); susceptibility 

of the destination herd; biosecurity measures in place at the destination holding; and the 

distance between the source and destination herd.  
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 pi = Pb  p(t)  wi  ws  wb  wx  wd  wn 

where  
 pi = probability that the local contact results in an infection  

          Pb = baseline probability that a local contact between herds results in 

infection         p(t) = normalised infectious prevalence of the source herd at time t  

wi = infectivity weight of the source herd   ws = susceptibility weight of the 

destination herd  
 wb = biosecurity weight of the destination herd (depends on herd 

type)  wx = seasonal weight (depends on region)         wd = distance 

weight   
 wn = detection weight (reflecting that local spread may organically dampen once     

an outbreak has been declared due to an increased awareness of risk,     

decreased movements of people and vehicles, etc.)  

The local spread radius, and the probabilities and weights used to calculate the probability 

of transmission are all configurable. Default values are derived from published studies 

(Sanson, 1993; Gibbens et al., 2001; Honhold et al., 2004; Risk Solutions, 2005a; Risk 

Solutions, 2005b; Garner and Beckett, 2005; Backer et al., 2012a), taking local conditions 

into account.   

Tildesley and colleagues (2012), found that a non-linear relationship between herd size 

and infectivity/susceptibility better described data from the 2001 UK FMD outbreak than 

a linear relationship. EuFMDiS provides modelling flexibility with user-configurable power 

law parameters Pi and Ps that specify the level of influence that a herd's size has on 

infectivity and susceptibility.   

Infectivity weights depend on species and herd size, and are normalized across the herd 

population. The relative infectivity constants Si specify the infectivity of a species to FMD, 

relative to sheep (Risk Solutions, 2005b), and are defined in the Species database table. 

The infectivity powers Pi allow per-species tuning of the effect of herd size on infectivity 

(0 ≤ Pi ≤ 1, where a value of 0 specifies no effect and a value of 1 specifies a linear 

relationship). They are defined in the scenario configuration file with default values of 1.   

wi = (Si  nPi) / population_mean(Si 
 nPi)  

where wi = infectivity weight  
Si = species relative infectivity (configurable) 

n = herd size  
Pi = species infectivity power (configurable)  

Susceptibility weights depend on species and herd size, and are normalized across the 

herd population. The relative susceptibility constants Ss indicate the susceptibility of a 

species to FMD, relative to sheep (Risk Solutions, 2005b), and are defined in the Species 

database table. The susceptibility powers Ps allow per-species tuning of the effect of herd 

size on susceptibility (0 ≤ Ps ≤ 1, where a value of 0 specifies no effect and a value of 1 
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specifies a linear relationship). They are defined in the scenario configuration file with 

default values of 1.   

ws = (Ss  n Ps ) / population_mean(Ss  nPs )  
where ws = susceptibility weight  

Ss = species relative susceptibility (configurable) n 

= herd size  
Ps = susceptibility power (configurable)  

Local spread can also occur between herds that are co-resident on the same holding. In 

this case the baseline probability of transmission Pb is increased to reflect the higher 

potential for local contact between herds co-managed on the same holding. The influence 

of distance between the source herd and target herds is described by a simple linear 

decay function. The closer a herd is to the source, the greater the distance weight wd and 

hence the greater the probability of transmission pi.   

 wd = 1 – (d / r) 

where  wd = distance 

weight  
 d = distance from the source herd to the destination herd  

r = local spread radius (configurable)  

When a susceptible herd becomes infected, an EBM is created and solved with initial 

conditions based on the estimated number of exposed animals in the destination herd 

and the size of the destination herd.  

 Ed = n / Nd  

Id = 0  
 Rd = 0  
 Sd = 1 – Ed 

where  
 Ed = proportion of exposed animals in the destination herd  

Id = proportion of infectious animals in the destination herd  
 Rd = proportion of infectious animals in the destination herd  
 Sd = proportion of susceptible animals in the destination 

herd  Nd = number of animals in the destination herd  n = 

estimated number of exposed animals in destination herd  
 –    

Parameter  Description  Location  Example value  

Enabled  Pathway enabled  Disease 

config file  
true  
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Pb  Baseline probability (per region) that a local contact 

between herds on different holdings results in 

infection.  

Mega 

region DB 

table  

0.036  

Pb  Baseline probability (per region) that a local contact 

between herds on the same holding results in 

infection.  

Mega 

region DB 

table  

0.5  

p(t)  Normalized infectious prevalence of the source herd 

as generated by the herd's EBM  
EBM DB  
table  

See EBM 

section  

Si  Relative infectivity of a species (in relation to sheep)  Species DB 

table  
Cattle: 2  
Sheep: 1  
Pigs: 4  
Other: 2.3  

Pi  Power law constants that provide per-species tuning 

of the effect of herd size on infectivity. Values range 

from 0 indicating no effect through to 1 indicating a 

linear relationship  

 Species 

DB table  
Cattle: 0.55  
Sheep: 0.55  
Pigs: 0.55  
Other:  0.55  

Ss  Relative susceptibility of a species (in relation to 

sheep)  
Species DB 

table  
Cattle: 6  
Sheep: 1  
Pigs: 0.4  
Other: 2.5  

Ps  Power law constants that provide per-species tuning 

of the effect of herd size on susceptibility. Values 

range from 0 indicating no effect through to 1 

indicating a linear relationship  

Species DB 

table  
Cattle: 0.55  
Sheep: 0.55  
Pigs: 0.55  
Other:  0.55  

wb  Weight applied to the local spread probability 

reflecting the level of biosecurity measures in place 

for a susceptible herd  

Herd Type 

DB table  
Small pigs: 0.8  
Large pigs: 0.25 

Others: 1  

wx  Weight applied to the local spread probability 

reflecting seasonal impact on infectivity  
Megaregio 

n DB table  
1  

wn  Weight applied to the local spread probability 

reflecting that local spread may organically dampen 

once an outbreak has been declared due to 

increased awareness of risk, decreased movements 

of people and vehicles, etc.  

Disease 

config file  
0.5  

r  Radius of the local spread area enclosing each 

infected herd  
Disease 

config file  
3km  

Min new  
infections  

Parameter for the beta-PERT distribution of the likely 

number of infections resulting from an effective local 

contact.  

Disease 

config file  
1  

Mode new  
infections  

Parameter for the beta-PERT distribution of the likely 

number of infections resulting from an effective local 

contact  

Disease 

config file  
2  
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Max new  
infections  

Parameter for the beta-PERT distribution of the likely 

number of infections resulting from an effective local 

contact  

Disease 

config file  
5  

3.5.2 Direct Spread  

FMD can spread when a susceptible animal comes into direct contact with an infectious 

animal. For example, respiratory transmission can occur between animals sharing a 

paddock, yard or pen. In the context of the spread of FMD between herds, direct contact 

through the relocation of live animals is often reported as the most significant means of 

FMD transmission (Gibbens et al., 2001; Donaldson et al., 2001; Kao, 2002; Green et al., 

2006; Kao et al., 2006; Kao et al., 2007; Lindström et al., 2009; Kitching, 2011).  

Direct spread is driven by the expected number, size and destination of daily movements 

into and out of herds, stratified by month. Movements can occur from holdings to 

slaughterhouses, markets/sale yards, assembly centres, and between holdings. 

Movements to slaughterhouses are considered 'dead-ends' with respect to disease 

transmission. EuFMDiS only models movements from infected herds since it would be 

computationally prohibitive to consider all movements from all herds. For each infected 

herd, the daily likelihood of a movement, the type of herd the movement is directed to, 

and the movement distance and direction is determined stochastically. This is based on 

configuration data that includes movement frequencies, distance distributions and 

contact matrices. Transmission depends on the prevalence of infection in the source herd 

and the consignment size.  

 pi = 1 – [1 – p(t)]n
 where  pi = probability that the consignment contains at least one 

exposed or infectious animal  p(t) = prevalence of infection in the source herd at time t, 

where prevalence is      defined as the proportion of infectious and exposed animals in the 

herd  
     (as calculated by the source herd's EBM)  

 n = consignment size  

When a susceptible herd becomes infected, an EBM is created and solved with initial 

conditions based on the proportion of infectious and exposed animals in the 

consignment, and the size of the destination herd.  

 Ed = Es n / (Nd + n)      
 Id = Is  n / (Nd + n)         

Rd = 0      
 Sd = 1 - Ed - Id 

where  
 Ed = proportion of exposed animals in the destination herd  
 Es = proportion of exposed animals in the source herd  
 Id = proportion of infectious animals in the destination herd  

Is = proportion of infectious animals in the source herd  
 Rd = proportion of infectious animals in the destination herd  
 Sd = proportion of susceptible animals in the destination herd  

Nd = number of animals in the destination herd  n = number 

of animals in the consignment  
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Parameter  Description  Location  Example value  
Enabled  Direct spread pathway enabled/disabled.  Disease config  

file  

true  

Direct  
movement  

frequencies  

Average daily number of direct movements off 

a holding, per season, per herd type, per 

source region.  

Direct  
Movements Off 

Frequency DB 

table  

See 

direct_movement 

s_off_frequency.c 

sv  

n  Beta-PERT distribution of consignment size  

(per species per source region)  

Transborder  
Direct  
Movements Off 

Size DB table  

See 

transborder_dire 

ct_movements_o 

ff_size.csv  
Consignment 

destination type  
Cumulative probabilities (per species, per 

source region) of a consignment destination 

type:  
1) another holding in the member state 
2) an assembly centre in the member state 
3) a slaughterhouse in the member state 
4) another EU member state 
5) a non EU country 

Direct  
Movements Off  
Premises Type  

DB Table  

See 

direct_movement 

s_off_premises_t 

ype.csv  

Consignment 

destination herd 

type  

Cumulative probabilities (per source herd 

type) of the destination herd type for a 

consignment going to another holding (either 

within the source member state or to another 

member state).  

Direct  
Movements Off 

Herd Type DB 

table  

See 

direct_movement 

s_off_herd_type. 

csv  

Consignment 

destination 

region 

(intramember 

state)  

Cumulative probabilities (per source herd 

type) of the destination region for a 

consignment going to another holding within 

the member state.  

Direct  
Movements Off  

Region DB table  

See  
direct_movement 

s_off_region.csv  

Consignment 

destination 

region 

(intermember 

state)  

Cumulative probabilities (per species) of the 

destination region for a consignment going to 

another holding in another member state.  

Transborder  
Direct  
Movements Off  

Region DB table  

See 

transborder_dire 

ct_movements_o 

ff_region.csv  

Consignment 

destination type 

(inter-member  

state)  

Cumulative probabilities (per species, per 

source region, per destination jurisdiction) of 

consignment destination types (for a 

consignment going to another member state):  
1) a holding 
2) an assembly centre 
3) a slaughterhouse 

Transborder  
Direct  
Movements Off  
Premises Type  

DB Table  

See  
transborder_dire 

ct_movements_o 

ff_premises_type. 

csv  

3.5.3 Indirect Spread  

Indirect contact transmission arises from the movement between herds of contaminated 

animal products, by-products, and fomites such as equipment, people and vehicles. 

Potential sources include veterinarians, shearing contractors, artificial  
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insemination technicians, milk tankers, and feed delivery vehicles. Indirect contacts can 

be categorized as high, medium or low according to their potential for transmitting 

infection (Nielen et al., 1996; Bates et al., 2001; Sanson, 2005; Nöremark et al., 2013). In 

the interests of computational efficiency, EuFMDiS only uses a single category of indirect 

contacts with a specified average (baseline) probability of transmission. The user can 

parameterize this to represent different risk profiles. Compared to direct contacts, there 

is limited data on indirect contacts. The type and location of exposed herds is determined 

stochastically using a contact matrix and distance distributions by herd type. The indirect 

spread pathway does not operate inside the local spread area (default 3km radius around 

each infected herd). This is because the local spread pathway is a proximity-based catchall 

and aggregates various spread mechanisms such as short-range aerosols, equipment 

sharing, and boundary fences.  

If a herd is exposed through indirect contact, the probability of transmission pi depends 

on the infectious prevalence of the source herd, the relative infectiousness of the source 

herd (based on species and herd size), environmental conditions that influence virus 

survival, biosecurity practices, and relative susceptibility of the exposed herd (based on 

species and herd size).   

 pi = Pb  p(t)  wi  ws  wb  wx 
where  

 pi =  probability that the indirect contact results in an infection  Pb = 

baseline probability that any indirect contact results in infection  p(t) 

= normalised infectious prevalence of the source herd at time t  wi = 

infectivity weight of the source herd (per local spread)  ws = 

susceptibility weight of the destination herd (per local spread)  wb = 

biosecurity weight of the destination herd (per local spread)  wx = 

seasonal weight (per local spread)  

3.5.4 Airborne Spread  

Airborne spread is the infection of susceptible animals by virus conveyed on the wind. 

Pigs pose the greatest threat for airborne spread because of their potential to excrete 

large quantities of virus relative to other species (Donaldson and Alexandersen, 2002; 

Alexandersen et al., 2003). The extent of a viral plume depends on the concentration of 

virus in the source herd, weather conditions and the strain of virus (Donaldson et al., 

2001; Donaldson and Alexandersen, 2002; Gloster et al., 2006). The EuFMDiS approach to 

airborne spread is similar to that taken by AusSpread (Garner et al., 2006) with 

probabilities of the likelihood of airborne spread of FMD per weather station, per month. 

The most favorable meteorological conditions for airborne spread are: constant wind 

direction, wind speed of 5 metres/second, high atmospheric stability, no precipitation, 

and relative humidity greater than 55% (Donaldson et al., 2001). Only pig herds are 

considered capable of transmitting FMD by airborne spread beyond the local  



 

  

34  

  

spread area. (Aerosol transmissions within the local spread area are captured by the local 

spread pathway). For each simulation day, the weather station closest to each infected 

pig herd is queried as to whether conditions are suitable for airborne spread. For each pig 

herd that is deemed to be shedding virus, a sector is constructed in the prevailing wind 

direction, subtended by a configurable angle of default size 30o (i.e., θ=15o on either side 

of the wind direction vector).  

 

The maximum extent d of a plume depends on the number of infectious pigs in the source 

herd. The formula for d is derived from data from a study by Donaldson and colleagues 

(2001), that relates the number of virus-shedding pigs to the distance downwind that 

cattle and sheep are at risk. The data are based on the type O Pan Asia strain of FMDV 

that caused the UK 2001 FMD outbreak. The coefficients A and B are configurable and 

depend on the strain of virus being modelled. Topographical features such as mountains, 

lakes and forests that might influence a plume are not considered. Although there have 

been reports of FMD plumes travelling substantial distances in ideal conditions over open 

water (Donaldson et al., 1982), the anticipated maximum extent of a plume over land is 

in the vicinity of 10 to 20 km (Mikkelsen et al., 2003; Gloster et al., 2006; Schley et al., 

2009). The model constrains the maximum plume distance to a configurable value M 

(with a default value of 20km).  

 d = max(A eB log n, M)  
where  

 d = distance of the viral plume          
 n = the number of infectious pigs in the source herd  
A = plume coefficient (default 0.113)  

Figure 3  Airborne spread sector  
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B = plume exponent (default 1.367)  
 M = maximum distance of the viral plume (default 20km)         

Susceptible herds within the airborne spread sector are identified, excluding those within 

the local spread area. The probability of transmission takes into account the susceptible 

herd species, the size of the susceptible herd, and the distance of the susceptible herd 

from the infected herd (Donaldson et al., 2001; Garner et al., 2006).  

 pi = [1 – (1 – Psp)n] wd 
where  pi = probability that a susceptible herd will become 

infected  
 Psp = probability that a single animal of the susceptible species will become           

infected  
  n = size of the susceptible herd  
 wd = distance weight (linear or exponential decay)  

The distance weight wd represents the diffusion of a plume with distance from the source 

herds, and hence the diminishing risk of transmission. Distance weight is configurable as 

having either linear or exponential decay. The value of the exponential decay constant C 

is configurable, with a default value of -6.900776.  

 wd = 1 – (h / d)  (linear decay)    wd 

= e (C * h / d) (exponential decay)  
where  wd = distance 

weight  C = decay 

constant  
 h = distance from the source herd to the destination herd  

d = extent of the viral plume  

3.5.5 Spread via Assembly Centres  

Assembly centres are places where consignments of animals are prepared to be moved 

to other locations (predominantly to other countries). These are considered to be an 

important feature of livestock production and marketing in Europe and the decision was 

taken to include a separate Assembly centre spread pathway in the EuFMDiS model.  

A questionnaire survey of central European countries participating in the EuFMDiS pilot 

project was done. It found that most countries record movements to other countries with 

an assembly centre in source country as the source and assembly centre in the second 

country as the destination. While assembly centre consignments can be made up from 

animals sourced from multiple holdings, there are almost invariably destined to go to a 

single location.  

For modelling purposes we assume that assembly centres are primarily used for preparing 

consignments that leave the source country. For consignments leaving an  
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assembly centre in the source country, there are three possible international destinations 

(see Figure 4):   

a. EU member state (part of our study area, i.e. one of the seven countries) 

b. EU member state other (i.e. not part of our study area) 

c. Another country 

 

Figure 4: Schematic representation of assembly centre spread pathway. The red pathway shows how 

infection can be spread to a new location.   

Consignments arriving in a destination country can go to (a) Holding or (b) Slaughter 

establishment. The model will determine probabilistically if a consignment of animals 

leaving an infected holding is sent to an assembly centre and from there its destination 

country and premises type. These probabilities are based on data supplied by the 

participating countries  

A similar approach to that described for direct spread is used to determine if infection is 

transmitted to the new location.  

3.6 Control measures configuration  

EuFMDiS simulates the control and eradication of disease according to official policies 

defined in the European FMD Directive (European Union 2003). There are seven 

independent and concurrent control measures:  

• First IH detection 
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• Movement restrictions and quarantine 

• Suspect holdings reporting 

• Surveillance visits (trigger by events) 

• Tracing (direct/indirect) 

• IH operations (culling, disposal and disinfection of confirmed infected holdings), 

with options of pre-emptively culling dangerous contact holdings, ring culling, or 

suspect holdings) 

• Vaccination (suppressive or protective ring vaccination) 

These can be switched on or off and selected in a range of different combinations and the 

individual measures can be configured by the user.  

The performance of control measures will be affected by how effective they are (e.g. level 

of compliance with movement restrictions, vaccine efficacy, effectiveness of tracing and 

surveillance, etc.). These are parameters that can be set in the model by the user.  

The performance of control measures will also depend on having adequate resources to 

be able to implement the measures. In the model, we assume that surveillance, IH 

operations and vaccination will be done by ‘teams’ (a team may be made up of one or 

more people). Measures are dynamically constrained by the availability of pools of these 

teams. Vaccination will also be constrained by the availability of vaccine doses.  

3.6.1 First IH detection  

The control and eradication phase of an outbreak commences after the declaration of the 

first infected holding. First IH detection is the means by which EuFMDiS transitions from 

the 'silent spread' of disease to the control phase. There are two modes of first IH 

detection: fixed and passive. Fixed first IH detection is pre-set to occur on a fixed day at a 

specific or randomly selected farm. Passive first IH detection uses pre-configured 

probabilities of reporting by herd type, and clinical prevalence to stochastically determine 

the first day of the detection.   

Parameter  Description  Location  Example value  

Mode  Determines the mode of operation for 

first IH detection. Options are: disabled 

(i.e., silent spread of disease), fixed or 

passive.  

Scenario config file  Passive  
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3.6.1.1 Fixed First IH Detection  

Fixed first IH detection occurs on a configured simulation day. This option is useful when 

comparing alternate control strategies. The detected herd can be:   

• specified by ID, 

• chosen randomly from all clinically prevalent herds, or 

• chosen randomly from a prioritized set of clinically prevalent herds based on 

species. 

Parameter  Description  Location  Example value  

Day  Simulation day on which first IH 

detection will occur  
Scenario config file  21  

Mode  Criteria for selecting the first IH. Options 

are by herd ID, by species, or any herd.  
Scenario config file  any  

Herd ID  Herd ID of the first IH. Only relevant 

when fixed detection mode is by herd 

ID.  

Scenario config file  34716  

Species  Priorities for choosing the species of the 

first IH. Options are 0 (do not detect), 1 

(highest priority), 2 or 3 (lowest piority). 

Only relevant when fixed detection 

mode is by species.  

Species DB table  Cattle: 2  
Sheep: 3  
Pigs: 1  

Other: 3  

3.6.1.2 Passive First IH Detection  

Passive first IH detection comprises two stochastic processes: detection and reporting. 

Detection is defined as inspecting stock (on a farm, at an assembly centre or in a 

slaughterhouse), noticing clinical signs and consulting a veterinarian. An infected herd is 

only a candidate for detection if it meets the minimum clinical prevalence level configured 

for the herd type. Reporting is defined as a veterinarian suspecting FMD, sending samples 

to a lab, FMD being confirmed and the Chief Veterinary Officer (CVO) being notified. The 

detection and reporting probabilities are defined per herd type, per holding type, in the 

Passive Reporting database table. There is a configurable lag (in days), between the start 

of the reporting phase and the declaration of the holding as an IH.  

 

Parameter  Description  Location  Example value  

Minimum clinical 

prevalence  
Minimum proportion of a herd that 

must be exhibiting clinical signs for the 

herd to be a candidate for passive 

detection (i.e., clinical signs noticed and 

reported to a veterinarian). Values are 

defined per herd type per region.   

Passive 

Detection DB 

table  

Small commercial 

beef: 0.1  
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Probability of 

holding detection  
Probability that passive detection of an 
infected herd (defined as clinical signs 
being noticed and a veterinarian 
consulted), occurs on a holding. Values 
are defined per herd type, per region.  

y = axb/(cb+xb) 

where:  

y = probability of detection x = days 

since herd became infected a, b and c 

are the coefficients of a fitted curve 

that reflects probability of detection 

over time (factoring in clinical 

prevalence)  

Passive 

Detection DB 

table  

Refer to  
passive_first_detectio 

n.csv 

Probability of 

assembly centre 

detection  

Probability that passive detection of an 

infected herd (defined as clinical signs 

being noticed and a veterinarian 

consulted), occurs at an assembly 

centre. Values are defined per herd 

type, per region.  

Passive 

Detection DB 

table  

Refer to  
passive_first_detectio 

n.csv 

Probability of 

slaughterhouse 

detection  

Probability that passive detection of an 

infected herd (defined as clinical signs 

being noticed and a veterinarian 

consulted), occurs at a slaughterhouse. 

Values are defined per herd type, per 

region.  

Passive 

Detection DB 

table  

Refer to  
passive_first_detectio 

n.csv 

Probability of 

reporting  
Probability that a veterinarian suspects 

FMD, sends samples to a lab and FMD is 

confirmed. Values are defined per herd 

type, per region.  

Passive 

Detection DB 

table  

0.592  

Slaughterhouse 

confirmation lag  
Time between reporting disease at a 

slaughterhouse and the declaration of 

the source holding as an IH.  

Disease config  
file  

3 days  

Assembly centre 

confirmation lag  
Time between reporting disease at an 

assembly centre and the declaration of 

the source holding as an IH.  

Disease config  
file  

4 days  

Holding 

confirmation lag  
Time between reporting disease at a 

holding and the declaration of the 

holding as an IH.  

Disease config  
file  

5 days  

   

3.6.2 Movement Restrictions  

A livestock standstill (minimum of three days), is implemented immediately following 

detection of the first IH. EuFMDiS models livestock standstill by throttling the direct and 

assembly center spread pathways. The level of restriction depends on standstill status, 

type of control area, and the spread pathway being throttled. A compliance percentage 



  

40  

for each pathway is defined in the EuFMDiS configuration data to allow for the possibility 

of illegal movements during the standstill. The EuFMDiS configuration data defines the 

length of the national standstill by jurisdiction. This reflects how individual jurisdictions 

may extend a standstill beyond the initial three-day national period.   

Controlled areas are established around each infected holding in order to restrict the 

movement of livestock, products and other material. The controlled areas are defined and 

enforced per-jurisdiction, and may be designated jurisdictional areas or radiusbased 

around each IH. There are two levels of control: Protection Zones (PZs) that immediately 

enclose IHs, and Surveillance Zones (SZs) that enclose PZs. PZs have the highest level of 

control while SZs have a lower level of control. EuFMDiS models the imposition of 

controlled areas in a staged manner.  

Larger controlled areas are enforced at the start of an outbreak. As the control program 

progresses, the dimensions of the controlled areas are reduced according to configured 

preferences.  Radius-based controlled areas are clipped to fall within the jurisdictional 

boundaries of the subject IH.  

 

When IHs are clustered, a meta-PZ and meta-SZ are formed from the union of the 

constituent PZs and SZs (Figure 5. Holdings inside a PZ and not already classified as an IH, 

CH, SH or TH, are designated as PZHs. Holdings inside a SZ (but outside a PZ), and not  

Figure 5.  Controlled areas enclosing IHs  
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already classified as an IH, CH, SH or TH, are designated as SZHs. Spread pathway 

throttling rates are user-configurable via the Movement Restrictions database table.  

The Movement Restrictions component is responsible for:  

• declaration of the start/end of the national livestock standstill, 

• declaration and maintenance of PZ and SZs, 

• designation of holdings as PZHs and SZHs, 

• enabling/disabling of movement restrictions. 

Parameter  Description  Location  Example value  

Enabled  Determines whether movement 

restrictions are enabled or disabled.  
Scenario config file  true  

Standstill duration  Duration in days of the livestock 

standstill. Values are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

3 days  

Jurisdiction 

transition  
Duration in days that controlled areas 
are jurisdiction-based (PZs are set to the 
LVU of the IH, and SZs are set to the  
jurisdiction of the IH). After this 

duration has elapsed the controlled 

areas are defined radially. Values are 

defined per jurisdiction and are relative 

to the first day of the control program.  

Movement  
Restrictions DB 

table  

0 days (i.e., 

bypass 

jurisdictional 

controlled areas)  

Radial transition  Duration in days that controlled areas 

are defined by the 'first' set of PZ/SZ 

radii. After this duration has elapsed 

the controlled areas are defined by the 

'second' set of PZ/SZ radii. Values are 

defined per jurisdiction and are relative 

to the jurisdiction transition day 

defined above.  

Movement  
Restrictions DB 

table  

14 days  

PZ 1st radius  First PZ radius in km. Values are defined 

per jurisdiction.  
Movement  
Restrictions DB 

table  

10 km  

PZ 2nd radius  Second PZ radius in km. Values are 

defined per jurisdiction.  
Movement  
Restrictions DB 

table  

3 km  

SZ 1st radius  First SZ radius in km. Values are defined 

per jurisdiction.  
Movement  
Restrictions DB 

table  

25 km  
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SZ 2nd radius  Second SZ radius in km. Values are 

defined per jurisdiction.  
Movement  
Restrictions DB 

table  

10 km  

NIJ direct throttling 

rate  
The level of throttling applied to the 

Direct Spread pathway in the 

noninfected jurisdiction during the 

livestock standstill. Values (0..100) are 

defined  

Movement  
Restrictions DB 

table  

98 %  

–    

 per jurisdiction.    

NIJ indirect 

throttling rate  
The level of throttling applied to the 

Indirect Spread pathway in the 

noninfected jurisdiction during the 

livestock standstill. Values (0..100) are 

defined per jurisdiction.  

Movement  
Restrictions DB 

table  

50 %  

NIJ assembly 

centre throttling 

rate  

The level of throttling applied to the 

Assembly Centre Spread pathway in the 

non-infected jurisdiction during the 

livestock standstill. Values (0..100) are 

defined per jurisdiction.  

Movement  
Restrictions DB 

table  

100 %  

NIJ jump throttling 

rate  
The level of throttling applied to the 

Jump Spread pathway in the 

noninfected jurisdiction during the 

livestock standstill. Values (0..100) are 

defined per jurisdiction.  

Movement  
Restrictions DB 

table  

45 %  

PZ direct throttling 

rate  
The level of throttling applied to the 

Direct Spread pathway inside PZs. 

Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

98 %  

PZ indirect 

throttling rate  
The level of throttling applied to the 

Indirect Spread pathway inside PZs. 

Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

85 %  

PZ assembly 

centre throttling 

rate  

The level of throttling applied to the  
Assembly Centre Spread pathway inside 

PZs. Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

100 %  

PZ jump throttling 

rate  
The level of throttling applied to the 

Jump Spread pathway inside PZs. 

Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

87 %  

SZ direct throttling 

rate  
The level of throttling applied to the 

Direct Spread pathway inside SZs. 

Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

98 %  
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SZ indirect 

throttling rate  
The level of throttling applied to the 

Indirect Spread pathway inside SZs. 

Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

50 %  

SZ assembly 

centre throttling 

rate  

The level of throttling applied to the  
Assembly Centre Spread pathway inside 

SZs. Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

100 %  

SZ jump throttling 

rate  
The level of throttling applied to the  
Jump Spread pathway inside SZs. Values 

(0..100) are defined per jurisdiction.  

Movement  
Restrictions DB 

table  

55 %  

FZ direct throttling 

rate  
The level of throttling applied to the  
Direct Spread pathway in the FZ. Values 

(0..100) are defined per jurisdiction.  

Movement  
Restrictions DB 

table  

50 %  

FZ indirect 

throttling rate  
The level of throttling applied to the 
Indirect Spread pathway in the FZ.  
Values (0..100) are defined per  

Movement  
Restrictions DB 

table  

25 %  

  

 jurisdiction.    

FZ assembly 

centre throttling 

rate  

The level of throttling applied to the  
Assembly Centre Spread pathway in the 

FZ. Values (0..100) are defined per 

jurisdiction.  

Movement  
Restrictions DB 

table  

100 %  

FZ jump throttling 

rate  
The level of throttling applied to the  
Jump Spread pathway in the FZ. Values 

(0..100) are defined per jurisdiction.  

Movement  
Restrictions DB 

table  

28 %  

Lifting delay  The number of days that an RH remains 

enclosed by a controlled area after IH 

Operations have completed.  

Disease config file  21 days  

 

3.6.3 Surveillance  

Surveillance is the process by which new infections are identified and declared. During an 

FMD outbreak, surveillance is used to detect new outbreaks, define the extent of 

infection, and demonstrate freedom in uninfected areas. The Surveillance component 

carries out visits to CHs, SHs, THs and local PZHs. A  PZH is local when it is within a 

configurable distance of an IH (per the model configuration file). The process is labor 

intensive and is typically limited by the available resources – especially during an 

extensive outbreak. Resources in demand may include veterinarians, assistants, 

laboratories and laboratory staff.  

Holdings that require surveillance are identified through tracing, reporting of suspect 

holdings, and active inspection of holdings within PZs. Surveillance visits are prioritized 

according to risk. In EuFMDiS, the priority of a visit is determined by the holding 

classification and the declared area, and is defined in the Surveillance database table. The 
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priority can change dynamically if the status of a holding changes or a pending visit 

reaches an overdue threshold (defined in the model configuration file). EuFMDiS 

maintains resource-constrained prioritized queues of holdings awaiting a surveillance 

visit. If multiple holdings have the same priority, then arbitration is based on how long a 

holding has been waiting for a visit. The visit duration (based on herd type), visit frequency 

(based on priority), and overall surveillance period are configurable. If laboratory samples 

are required then the result of the surveillance visit is delayed by a configurable period.  

EuFMDiS also models the active inspection of holdings within PZs. All farms within a 

designated distance of IHs are subject to a configurable inspection schedule (number and 

frequency of inspections).  

Parameter  Description  Location  Example 

value 
Enabled  Determines whether surveillance is enabled or disabled.  Scenario config file  true  

Visit priority 

(first level)  
First level priority (1..7) assigned to a scheduled 

surveillance visit based on holding classification and 

declared area. For example, a CH in the FZ can be 

assigned a higher surveillance visit priority than a CH in an 

PZ.  

Surveillance DB 

table  
CH/FZ: 1 
CH/SZ: 1  
TH/FZ: 2  
TH/SZ: 2  
SH/FZ: 3  
SH/SZ: 3  
CH/PZ: 4  
TH/PZ: 5  
SH/PZ: 6  
PZH/PZ: 7  

Visit priority 

(second level)  
Second level priority (1..7) assigned to a scheduled 

surveillance visit based on herd type.  
Herd Type DB table   

Visit frequency  The number of days after a surveillance visit has 

completed that a follow-up visit is scheduled if needed.  
Surveillance DB 

table  
3  

Visit duration  Duration in days that a surveillance visit takes to 

complete. Defined per herd type.  
Herd Type DB table   

Period under 

surveillance  
The duration in days over which surveillance visits are 
scheduled for a particular holding of interest. Defined per 
holding classification and declared area.  
Note that when SHs, traced back CHs and traced back THs 
are assessed negative they revert to UH/SZH/PZHs  
depending on the enclosing declared area. Traced forward 

CHs/THs that are assessed negative retain their CH/TH 

status for the duration of the surveillance period.  

Surveillance DB 

table  
CH/FZ: 7 
CH/SZ: 7  
TH/FZ: 14  
TH/SZ: 14  
SH/FZ: 7  
SH/SZ: 7  
CH/PZ: 7  
TH/PZ: 14 
SH/PZ: 7  
PZH/PZ: 14  

Local PZH 

radius  
Radius of the local PZH area enclosing each infected herd. 

PZHs inside this area are subject to surveillance.   
Disease config file  3 km  
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Minimum 
clinical  
prevalence  

The minimum clinical prevalence that a herd must be 
exhibiting in order to be assessed positive as a result of a 
surveillance visit. A holding can be assessed positive if 
either  
(a) the minimum clinical prevalence is met, or   
(b) a configurable number of days has passed since 

the holding was first infected. This covers the case where a 

holding may have transitioned through to a naturally 

immune state prior to its first surveillance visit.  

Disease config file  0.05  

Maximum days 

undetected  
The maximum number of days that a holding can have 

been infected before a surveillance visit automatically 

yields a positive result.  

Disease config file  10 days  

Lab results 

required  
Determines whether laboratory test results are required 

before a holding can be declared an IH.  
Disease config file  Yes  

Lab results 

delay  
The time needed for laboratory test results to become 

available after a surveillance visit has concluded.  
Disease config file  1 day  

Overdue 

threshold  
The maximum duration that an CH/SH/TH can be waiting 
for a scheduled surveillance visit before the visit priority is 
automatically increased.  
PZHs that have been waiting for a visit for longer than 

their configured surveillance period are flushed from the 

pending visit queue.  

Disease config file  2 days  
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3.6.4 Tracing  

Tracing is the process of identifying movements on to and off IHs (within a specified time 

window) in order to ascertain where infection may have come from, or gone to. Tracing 

includes animals, products, equipment, vehicles and people. Traced holdings may be 

true cases (and thus infected), or false (not infected). EuFMDiS can readily identify true 

traces by following infection chains during a simulation, allowing for variable tracing 

effectiveness by herd type and pathway (direct contact versus indirect contact), and 

tracing duration. False forward traces are obtained by applying the direct and indirect 

spread pathways to a holding of interest within the forward tracing window. False 

backward traces are obtained by reversing the direct and indirect spread pathways over 

the backwards tracing window (i.e., modelling movements on to the holding of interest). 

This approach results in a set of plausible false traces, i.e., holding of a suitable type and 

location that could well have been sources or destinations of movements of concern. 

THs that are considered to represent a high risk of having become infected are 

designated as CHs, and depending on the control policy may be pre-emptively culled or 

put under surveillance.  

Parameter  Description  Location  Example value  

Direct tracing 

enabled  
Determines whether tracing of direct 

contacts is enabled or disabled.  
Scenario config file  true  

Indirect tracing 

enabled  
Determines whether tracing of indirect 

contacts is enabled or disabled.  
Scenario config file  true  

False tracing 

enabled  
Determines whether false traces are 

generated.  
Disease config file  true  

Backwards tracing 

window  
The duration in days over which 

backwards tracing is conducted on an 

infected holding of interest.  

Disease config file  14 days  

Forwards tracing 

window  
The duration in days over which 

forwards tracing is conducted on an 

infected holding of interest.  

Disease config file  14 days  

Direct trace 

minimum duration  
Minimum number of days required to 

complete a direct contact trace 

(parameter for a beta-PERT distribution)  

Species DB table  Cattle: 0 days  
Sheep: 1 day  
Pigs: 1 day  

Other: 1 day  

Direct trace most 

likely duration  
Most likely number of days required to 

complete a direct contact trace 

(parameter for a beta-PERT distribution)  

Species DB table  Cattle: 1 day  
Sheep: 2 days  
Pigs: 2 days  

Other: 2 days  
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Direct trace 

maximum  

duration  

Maximum number of days required to 

complete a direct contact trace  
(parameter for a beta-PERT  

Species DB table  Cattle: 1 day  
Sheep: 3 days 

Pigs: 3 days  

 distribution)   Other: 3 days  

Indirect trace 

minimum duration  
Minimum number of days required to 

complete an indirect contact trace 

(parameter for a beta-PERT 

distribution)  

Species DB table  Cattle: 1 day  
Sheep: 1 day  
Pigs: 1 day  

Other: 2 days  

Indirect trace most 

likely duration  
Most likely number of days required to 

complete an indirect contact trace 

(parameter for a beta-PERT 

distribution)  

Species DB table  Cattle: 2 days  
Sheep: 3 days  
Pigs: 3 days  

Other: 3 days  

Indirect trace 

maximum  

duration  

Maximum number of days required to 

complete an indirect contact trace 

(parameter for a beta-PERT 

distribution)  

Species DB table  Cattle: 2 days  
Sheep: 5 days  
Pigs: 3 days  

Other: 5 days  

Direct trace 

effectiveness  
Dampening rate on the number of 

successful direct contact traces. This 

represents shortcomings in the 

underlying tracing systems and direct 

movement data.  

Species DB table  Cattle: 0.98  
Sheep: 0.85  
Pigs: 0.95  

Other: 0.90  

Indirect trace 

effectiveness  
Dampening rate on the number of 

successful indirect contact traces. This 

represents shortcomings in the 

underlying tracing systems and indirect 

movement data.  

Species DB table  Cattle: 0.8  
Sheep: 0.7  
Pigs: 0.8  

Other: 0.7  

3.6.5 SH Reporting  

EuFMDiS models the ad hoc reporting of suspect cases by owners, inspectors and others. 

This represents one of the most important mechanisms for identifying new IHs (McLaws 

et al., 2007). EuFMDiS commences suspect case reporting the day after the first IH has 

been declared and allows for both true positive and false positive reports. True reports 

are generated stochastically based on an infected herd's clinical prevalence, the 

probability of reporting and the expected time to report. The latter two parameters are 

defined per herd-type in the SP Reporting database table. False reports pertain to herds 

that are showing clinical signs but are not actually infected with FMD. The number of 

false reports generated is proportional to an n-day (default 3), moving average number 

of true reports. The ratio of false to true reports is defined in the model configuration 

file with a default value of 2.34 (McLaws et al., 2007). False reports are assigned to 

random non-infected herds. The location mix of the false reports is user configurable, 

for example, 60% in PZs, 30% in SZs and 10% in the FZ.  
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The modelling of both true and false reports allows for more realistic modelling of 

surveillance. It reflects how team resources are consumed regardless of whether a 

surveillance visit yields a positive assessment or not.     

Parameter  Description  Location  Example value  

Enabled  Determines whether SH reporting is 

enabled or disabled.  
Scenario config file  true  

Ratio of false SHs 

to true SHs  
Determines the number of false SHs 

generated (as a ratio of the number of 

true SHs). For example, if set to 3, there 

will be 3 false SHs generated for every 

true SH.  

Disease config file  2.34  
(McLaws et. al., 

2007)  

False SH moving 

average  
The window in days over which a 

moving average of true SHs is 

calculated. This defines the number of 

true SHs for the purposes of generating 

false SHs.  

Disease config file  3  

False SH/PZ ratio  The proportion of false SHs allocated 

inside PZs.  
Disease config file  0.6  

False SH/SZ ratio  The proportion of false SHs allocated 

inside SZs.  
Disease config file  0.3  

False SH/FZ ratio  The proportion of false SHs allocated in 

the FZ.  
Disease config file  0.1  

 

3.6.6 IH Operations  

IH Operations is comprised of the valuation, destruction and disposal of animals 

(stamping out), and decontamination of holdings. Stamping out is the default initial 

policy for controlling an outbreak of FMD. It is considered the fastest way to reduce viral 

excretions on IHs and thus dampen spread. Stamping out is implemented on all IHs, and 

potentially on CHs, subject to risk assessment.   

Holdings undergoing IH Operations transition through the following states: cull pending, 

cull in progress, disposal pending, disposal in progress, decontamination pending, 

decontamination in progress, and resolved. Each jurisdiction has separate pools of teams 

for culling, disposal and decontamination. When a pool is exhausted (i.e., all of the teams 

are on assignment), pending jobs are held in a queue. Visits to holdings are prioritized 

based on holding classification, herd/species priority, herd size, time in queue, and 

proximity to an IH. The times required for a holding to undergo culling, disposal and 

decontamination are defined by herd type in the Herd Type database table. The decision 

on whether to conduct pre-emptive culling of CHs and/or holdings contiguous to IHs is 

defined per jurisdiction in the IP Operations database table.  
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Parameter  Description  Location  Example value  

Enabled  Determines whether IH Operations is 

enabled or disabled.  
Scenario config  
file  

true  

Cull IHs  Determines whether IHs are 

automatically culled. Values are defined 

per jurisdiction.  

IP Operations DB 

table  
yes  

Cull CHs  Determines whether CHs are 

automatically culled. Values are defined 

per jurisdiction.  

IP Operations DB 

table  
no  

Ring culling  Determines whether all holdings within 

a configurable distance of each IH are 

automatically culled. Values are defined 

per jurisdiction.  

IP Operations DB 

table  
no  

Ring culling trigger 

day  
The control day upon which ring culling 

will commence. A value of 0 indicates 

that ring culling can be triggered on any 

control day. Values are defined per 

jurisdiction.  

IP Operations DB 

table  
14  

Ring culling trigger 

IHs  
The cumulative number of IHs that 

triggers ring culling. A value of 0 

indicates that ring culling can be 

triggered by any number of cumulative 

IHs.Values are defined per jurisdiction.  

IP Operations DB 

table  
25  

Ring culling radius  Radius employed for ring culling 

purposes (per above). Values are 

defined per jurisdiction.  

IP Operations DB 

table  
3 km  

Cull SHs  Determines whether all SHs within a 

configurable distance of each IH are 

automatically culled. Values are defined 

per jurisdiction.  

IP Operations DB 

table  
no  

SH culling radius  Radius employed for SH culling 

purposes (per above). Values are 

defined per jurisdiction.  

IP Operations DB 

table  
10 km  

Culling duration  The duration in days to cull a particular 

herd type.  
Herd Type DB 

table  
2 days  

Disposal duration  The duration in days to dispose a 

particular herd type.  
Herd Type DB 

table  
4 days  

Disinfection 

duration  
The duration in days to disinfect a 

particular herd type.  
Herd Type DB 

table  
2 days  
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3.6.7 Vaccination  

Vaccination is one of the available options to support stamping out of an FMD outbreak 

(Bouma et al., 2003; Backer et al., 2012a; Roche et al., 2014; Roche et al., 2015). The 

decision to vaccinate and the specific role of vaccination in an FMD response varies 

according to the outbreak scenario. Vaccination strategies include:  

Suppressive – vaccination is carried out inside known infected areas (PZs) in order to 

suppress virus production in at-risk and exposed herds to reduce further spread. 

Protective – vaccination is carried out outside known infected areas in order to protect 

susceptible animals from infection. 

Mass – vaccination is carried out across a broad area to large numbers of animals. This 

strategy can be applied if an outbreak is not under control and there is a risk of spread 

escalating. 

EuFMDiS provides two triggers for commencing a vaccination program: on a configurable 

day into the control program, or once a configurable number of IHs has been declared. 

EuFMDiS models all vaccination policies with an annulus of configurable inner and outer 

radii. The inner radius is set to zero for suppressive and mass vaccination. A vaccination 

annulus is established around each target IH, and eligible holdings inside the annulus are 

scheduled for vaccination. Alternatively, the user may opt to vaccinate holdings with 

respects to local administrative areas. The user can select to only vaccinate around IPs 

found on or after the day the vaccination program begins, or around all new and 

previously identified IHs. The vaccination candidates inside each vaccination zone can be 

prioritized according to herd type, herd size, and proximity to the nearest IH. It is also 

possible to omit certain herd types from vaccination. The direction of vaccination is 

configurable from the outside in, or from the inside out.  

The effect of vaccination is to increase herd immunity (i.e., reduce a herd’s susceptibility 

to infection) over time. When a partially immune herd is exposed to infection, the virus 

production profile generated by the EBM reflects that some of the animals have 

protective immunity. Figure 6 illustrates how a fully susceptible herd's immunity level 

increases from 0% to 100% over a configurable number of days (default 6), after 

vaccination is completed.  
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As with surveillance and IH operations, the ability to implement a vaccination program 

depends on the availability of resources (vaccination teams). Each jurisdiction has a 

separate pool of vaccination teams. When a pool is exhausted (i.e., all of the teams are 

on assignment), pending jobs are held in a queue. Visits to holdings can be prioritized 

according to herd type, herd size, time in queue, and proximity to an IH. The time 

required for a holding to undergo vaccination is defined by herd type in the EuFMDiS 

configuration data.  

Parameter  Description  Location  Example value  

Enabled  Determines whether Vaccination is enabled or disabled.  Scenario 

config file  
true  

Policy  Policy for handling vaccinates: options are (a) waste (b) 

salvage (c) retain  
Vaccination 

DB table  
waste  

Control day 

trigger  
Determines whether the vaccination program 

commences on a fixed day of control program. Note 

that vaccination triggers can be 'anded' together.  

Vaccination 

DB table  
true  

Control day  The day of the control program at which vaccination 

commences (per above).  
Vaccination 

DB table  
7  

IH count 

trigger  
Determines whether the vaccination program 

commences once a certain number of IHs have been 

declared. Note that vaccination triggers can be 'anded' 

together.  

Vaccination 

DB table  
false  

IH count  The cumulative number of IHs at which vaccination 

commences (per above).  
Vaccination 

DB table  
3  

Pending culls 

trigger  
Determines whether the vaccination program 

commences once there are a certain number of 

holdings pending culling. Note that vaccination triggers 

can be 'anded' together.  

Vaccination 

DB table  
false  

Fi gure 6.  Herd attaining immunity over time  
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Pending culls  The number of pending culls required to trigger 

vaccination  
Vaccination 

DB table  
0  

Area of 

infection 

trigger  

Determines whether the vaccination program 

commences once a specific area of infection (defined by 

the convex hull of IHs) has been reached. Note that 

vaccination triggers can be 'anded' together.  

Vaccination 

DB table  
false  

Area of 

infection  
The area of infection required to trigger vaccination  Vaccination 

DB table  
0  

Detection 

density 

trigger  

Determines whether the vaccination program 

commences once a specific detection density (defined 

by the cattle density surrounding the index case 

holding) has been reached. Note that vaccination 

triggers can be 'anded' together.  

Vaccination 

DB table  
false  

Detection 

density  
The detection density required to trigger vaccination  Vaccination 

DB table  
0  

Immunity lag  The duration from when a herd is vaccinated to when it 

achieves immunity. A herd's immunity is unchanged 

from the day of vaccination until half the lag period has 

expired, after which it increases in a linear manner. For 

example, if the immunity lag is set to 6 days then the 

immunity is unchanged from days 1 to 3 and then 

increases linearly between days 4 to 6. 

Disease 

config file  
6 days  

 

Vaccination 

priority (per 

herd type)  

Priorities of vaccination visits (per herd type). Options 

are 0 (do not vaccinate), 1 (highest priority), through to 

10 (lowest piority). Values are defined per jurisdiction. 

Note that these fields are used to enable/disable 

vaccination per-jurisdiction, for example, to configure 

NSW as stamping out only, set all the priority fields (for 

the NSW row) to 0. Conversely to configure VIC as 

stamping out plus vaccination, set the priority fields (for 

the VIC row) to values > 0 (as required).  

Vaccination 

DB table  
 

Vaccination 

mode 

Determines whether vaccination is conducted within a 

user defined annulus or within the local adminstrative 

area. 

Options are radial (annulus-based) and laa (local 

adminstrative area-based) 

Vaccination 

DB table 

radial 

Inner radius  Inner radius (in km), of the vaccination annulus defined 

around an IH.  
Vaccination 

DB table  
0 km  

Outer radius  Outer radius (in km), of the vaccination annulus defined 

around an IH.  
Vaccination 

DB table  
3 km  

Outside-in  The direction in which vaccination visits are conducted 

inside the vaccination annulus. Options are yes (outside-

in) or no (inside-out).  

Vaccination 

DB table  
yes  
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New IHs only  Determines the vaccination retrospectivity. Options are 

yes (new IHs only) or no (all IHs).  
Vaccination 

DB table  
no  

Retrospectivi 

ty window  
Limits the number of IHs that trigger vaccination 

according to how many days in the past that the IH was 

declared. Only applies when vaccination retrospectivity 

is set to 'all IHs'.  

Vaccination 

DB table  
7 days  

User defined 

criteria  
Determines whether the decision to vaccinate a 

particular herd is dependent on the user-defined 

vaccination zone criteria.  

Vaccination 

DB table  
true  

Vaccination 

zone  
User-defined vaccination zone criteria (defined per 

herd). A value > 0 triggers vaccination. A value of 0 

means 'do not vaccinate'.   

Herd table  0  

Visit  
duration  

The duration in days of a vaccination visit. Defined per 

herd type.  
Herd Type 

DB table  
1 day  

Vaccine bank 

doses  
The number of doses that the vaccination bank holds 

(defined per jurisdiction).  
Vaccination 

DB table  
See 

vaccination.csv  

Shared 

vaccine bank 

enabled  

Determines whether each jurisdiction has its own 

distinct vaccine bank or whether there is a single 

EUwide shared vaccine bank.  

Scenario 

config file  
false  

Vaccine 

effectiveness  
Proportion of animals in a vaccinated herd that achieve 

immunity. This models the efficacy of the vaccine in use 

and also natural variability as to whether a particular 

animal develops immunity.  

Species DB 

table  
Cattle: 0.85  
Sheep: 0.80  
Pigs: 0.87  
Other: 0.84  

Vaccine dose  The amount of vaccine (in 'dose' units), that an animal 

of a particular species requires.   
Species DB 

table  
Cattle: 1  
Sheep: 0.5  
Pigs: 1  
Other: 0.5  
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3.6.8 Team Resources  

The resources required to manage an emergency animal disease outbreak include: 

personnel (including veterinarians, animal health officers, control centre staff and 

security staff); equipment (including vehicles and pen-side diagnostic tests); facilities 

(including laboratories, rendering plants and landfill/burial sites); and consumables 

(including vaccine and disinfectant). Some aspects of disease control and eradication are 

resource-intensive and shortfalls can severely hamper the response to an outbreak 

(Bourn, 2002; Anderson, 2002; Matthews, 2011; Garner et al., 2014; Roche et al., 2014). 

During the UK 2001 FMD control program, the shortage of resources caused delays both 

in culling, and more importantly disposal of animals (Anderson, 2002).  

EuFMDiS models the personnel resources required for the key operational activities of 

surveillance, culling, disposal, decontamination and vaccination. As state and territory 

governments are responsible for their own emergency animal disease management, the 

teams are organized into pools by jurisdiction (i.e., each jurisdiction has five pools). It is 

anticipated that resource levels ramp up over time, so initially the pools are small and 

increase in a linear manner up to a maximum size (Figure 7). The initial pool size, duration 

of the ramp-up, and maximum pool size are defined in the Resources database table by 

resource type and by jurisdiction.   

EuFMDiS models the personnel resources required for the key operational activities of 

surveillance, culling, disposal, decontamination and vaccination. As member states are 

responsible for their own emergency animal disease management the teams are 

organized into pools by jurisdiction (i.e., each jurisdiction has five pools). It is anticipated 

that resource levels ramp up over time, so initially the pools are small and increase in a 

linear manner up to a maximum size (Figure 7). The initial pool size, duration of the ramp-

up, and maximum pool size are defined in the Resources database table by resource type 

and by jurisdiction. Note that the ramp start day is defined relative to the first day of the 

control program and the ramp duration is defined relative to the ramp start.  
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Parameter  Description  Location  Example value  

Enabled  Determines whether Resources are enabled or 

disabled. Disabling resources implies that 

control measures are not constrained by 

resources (i.e., unlimited numbers of teams are 

available in all jurisdictions).  

Scenario config  
file  

true  

Shared pool 

enabled  
Determines whether control measures are 

resourced with a single EU-wide pool of teams, 

or with per-jurisdiction pools of teams.  

Scenario config  
file  

false  

Initial 

surveillance 

resources  

The number of surveillance teams available on 

the first day of an outbreak. Defined per 

jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Maximum  
surveillance 

resources  

The maximum number of surveillance teams 

available. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Surveillance 

resources 

ramp start 

day  

The day into the control program at which the 

number of surveillance resources starts to 

increase. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Surveillance 

resources 

ramp end day  

The day into the control program at which the 

maximum number of surveillance teams is 

reached. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Initial culling 

resources  
The number of culling teams available on the 

first day of an outbreak. Defined per jurisdiction 

and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Maximum 

culling 

resources  

The maximum number of culling teams 

available. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  
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Culling 

resources 

ramp start  

The day into the control program at which the 
number of culling teams starts to increase.  
Defined per jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

 

day     

Culling 

resources 

ramp end day  

The day into the control program at which the 
maximum number of culling teams is reached.  
Defined per jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Initial disposal 

resources  
The number of disposal teams available on the 

first day of an outbreak. Defined per jurisdiction 

and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Maximum 

disposal 

resources  

The maximum number of disposal teams 

available. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Disposal 

resources 

ramp start 

day  

The day into the control program at which the 
number of disposal teams starts to increase.  
Defined per jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Disposal 

resources 

ramp end day  

The day into the control program at which the 
maximum number of disposal teams is reached.  
Defined per jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Initial 

disinfection 

resources  

The number of disinfection teams available on 

the first day of an outbreak. Defined per 

jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Maximum  
disinfection 

resources  

The maximum number of disinfection teams 

available. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Disinfection 

resources 

ramp start 

day  

The day into the control program at which the 
number of disinfection teams starts to increase.  
Defined per jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Disinfection 

resources 

ramp end day  

The day into the control program at which the 

maximum number of disinfection teams is 

reached. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Initial  
vaccination 

resources  

The number of vaccination teams available on 

the first day of an outbreak. Defined per 

jurisdiction and also EU-wide.  

Resources DB 

table  
See 

resources.csv  

Maximum  
vaccination 

resources  

The maximum number of vaccination teams 

available. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Vaccination 

resources 

ramp start 

day  

The day into the control program at which the 

number of vaccination teams starts to increase. 

Defined per jurisdiction and also EU-wide. 

IMPORTANT – this value should match the 

vaccination program start day that is configured 

in the scenario config file.  

Resources DB 

table  
See 

resources.csv  



  

57  

Vaccination 

resources 

ramp end day  

The day into the control program at which the 

maximum number of vaccination teams is 

reached. Defined per jurisdiction and also 

EUwide.  

Resources DB 

table  
See 

resources.csv  

Post-outbreak 

surveillance 

resources  

The number of post-outbreak surveillance 

teams available. Defined per jurisdiction and 

also EU-wide.  

Resources DB 

table  
See 

resources.csv  
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3.6.9 Post-Outbreak Management  

Post-outbreak management is concerned with the activities undertaken, after FMD has been 

eliminated, to regain FMD-free status. Participating countries in the EuFMDiS pilot project 

identified this as a lower priority in terms of model development and accordingly no 

European data on which to parameterize this component was collected. However, it is 

recognized that post-outbreak management could become important in the future, and, for 

completeness the approach is described here.  

Post-outbreak surveillance is conducted in terms of 'clusters' that represent discrete 

infected areas. A cluster is formed from a neighborhood of RHs (the black dots Figure 8 

below), the enclosing PZs (the red areas) and the enclosing SZs (the green areas).   

 

Clusters are constructed based on a user-defined radius (see parameter table below).  

During post-outbreak surveillance all VH, PZH and SZH herds in each cluster are clinically 

inspected. In addition to this serological or NSP tests are carried out as follows:  

• If the post-outbreak management policy is 'vaccinate to retain' then nonstructural 

protein tests are carried out on all VHs (see parameter table below). 

• Serological tests are carried out on PZH herds according to the configured PZH 

sampling regime (see parameter table below). 

• Serological tests are carried out on SZH herds according to the configured SZH 

sampling regime (see parameter table below). 

The number of herds sampled in a given cluster is based on a user-defined confidence level 

and target prevalence (Cannon and Roe, 1982). For example, a target prevalence of 5% and 

Figure 8. Post-outbreak surveillance clusters  
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a confidence level of 95% specifies that sufficient herds need to be randomly tested in order 

to attain 95% confidence that a cluster prevalence of at least 5% would be detected. This is 

described as a 95:5 sampling regime.  

 s = (1 – (1 – C)1/P)(n – P/2) + 1  
where  

 s = number of herds to test in a cluster (i.e., the sample size)      
          P = number of target positives in the cluster (target prevalence (defined per species in the 

Postoutbreak surveillance DB table) * n)  n = number of herds in the cluster  
 C = herd confidence level  (defined per species in the Post-outbreak surveillance  DB table)    

The number of animals sampled in a given herd is also based on a user-defined confidence 

level and target prevalence. For example, a target prevalence of 5 and a confidence level of 

95 specifies that sufficient animals need to be randomly tested in order to attain 95% 

confidence that a herd prevalence of at least 5% would be detected.  

 s = (1-(1-C)1/P)(n-P/2) + 1  
where  s = number of animals to test in a herd (i.e., the sample size)     
          P = number of target positives in the herd (target prevalence (defined per species in the 

Postoutbreak surveillance DB table) * Se (test sensitivity defined per species in the Labtest DB table) * n)  

n = number of animals in the herd  
 C = confidence level  (defined per species in the Post-outbreak surveillance  DB table)       

The probability of detecting residual disease in a herd is derived from the serological 

prevalence, test sensitivity and sample size.  

 pdet = 1 – (1 – p Se)n where  pdet = probability of detecting 

residual disease in a herd  p = within-herd serological 

prevalence  
 Se = test sensitivity (defined per species in the Labtest DB table)  n = 

sample size (number of animals tested in the herd)  
 

The probability of a false positive test result is derived from the test specificity and the 

sample size.  
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  pfp = 1 - Sp 
n  

where  
 pfp = probability of a false positive test result  
 Sp = test specificity (defined per species in the Labtest DB table)  n = 

sample size (number of animals tested in the herd)  

Parameter  Description  Location  Example 

value 
Enabled  Determines whether post-outbreak management is 

enabled or disabled.  
Scenario config  
file  

false  

Trigger day  Number of days from the declaration of the last IH 

(or VH, whichever is later) to the commencement 

of post-outbreak surveillance.  

Scenario config  
file  

30  

Radius  Radius (in km) used to construct the post-outbreak 

surveillance clusters. A cluster is formed from the 

set of RHs that are within two radius' of at least 

one other RH in the cluster, and comprise all 

properties that were at one stage during the 

outbreak a VH, PZH or SZH, and lie within one 

radius of any RH in the cluster.  

Scenario config  
file  

10  

Non- 
vaccination 

screening test 

ID  

The ID of the lab test to use for screening tests of 

non-vaccinated herds. The ID indexes into a row in 

the Labtest DB table.  

Scenario config  
file  

2  

Non- 
vaccination 

confirmatory 

test ID  

The ID of the lab test to use for confirmatory tests 

of non-vaccinated herds. The ID indexes into a row 

in the Labtest DB table.  

Scenario config  
file  

3  

Vaccination 
screening test  
ID  

The ID of the lab test to use for screening tests of 

vaccinated herds. The ID indexes into a row in the 

Labtest DB table.  

Scenario config  
file  

3  

Vaccination 

confirmatory 

test ID  

The ID of the lab test to use for confirmatory tests 

of vaccinated herds. The ID indexes into a row in 

the Labtest DB table.  

Scenario config  
file  

3  

Post-outbreak  
management  
policy  

Policy for handling vaccinates post outbreak.  
Options are: retain – vaccinates are retained and 

subject to post-outbreak NSP tests remove – 

vaccinates are removed and not subject to post-

outbreak NSP tests.  

Scenario config  
file  

remove  

Visit duration  Duration in days that a surveillance visit takes to 

complete. Defined per herd type. Note that the 

durations for regular surveillance visits are re-used 

for post-outbreak surveillance visits.   

Herd Type DB 

table  
See 

herd_type.csv  

–  
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Visit priority  Surveillance visits are carried out in one cluster at 
a time. VHs have priority over PZHs and PZHs have 
priority over SZHs.  
A second level priority (1..7) is assigned to a 

scheduled surveillance visit based on herd type.  

Herd Type DB 

table  
See 

herd_type.csv  

Test ID  Identifies a particular test (e.g. 2 corresponds to 

CELISA)  
Labtest DB 

table  
See labtest.csv  

Test name  The name of the test (e.g. C-ELISA)  Labtest DB 

table  
See labtest.csv  

Species ID  Eac test has sensitivity/specificity parameters 

defined per species.  
Labtest DB 

table  
See labtest.csv  

Sensitivity  
(vaccination)  

Sensitivity of the test when vaccination has been 

used  
Labtest DB 

table  
See labtest.csv  

Specificity  
(vaccination)  

Specificity of the test when vaccination has been 

used  
Labtest DB 

table  
See labtest.csv  

Sensitivity 

(nonvaccination)  
Sensitivity of the test when vaccination has not 

been used  
Labtest DB 

table  
See labtest.csv  

Specificity 

(nonvaccination)  
Specificity of the test when vaccination has not 

been used  
Labtest DB 

table  
See labtest.csv  

Cost  Cost (in $EUR) of the test  Labtest DB 

table  
See labtest.csv  

Throughput  Not currently used.  Labtest DB 

table  
See labtest.csv  

Sero positive lag  Number of days after infection that a herd 

becomes sero positive.  
Species DB 

table  
See 

species.csv  

Sero positive 

duration  
Duration in days that a herd remains sero positive.  Species DB 

table  
See 

species.csv  

Post-outbreak 

lab results delay  
The time needed (in days) for laboratory test 

results to become available after a surveillance 

visit has concluded.  

Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Herd VH 

confidence level  
The confidence level at which to test a cluster of 

VH herds. A value of 0 means test no herds in the 

cluster. A value of 100 means test all herds in the 

cluster. A value of 95, for example, means test 

sufficient herds such that we are 95% confident 

that the desired target prevalence (e.g., 5%) would 

be detected.  

Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Herd VH target 

prevalence  
The target prevalence at which to test a cluster of 

VH herds (per above).  
Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  
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Herd PZH 

confidence level  
The confidence level at which to test a cluster of 

PZH herds. A value of 0 means test no herds in the 

cluster. A value of 100 means test all herds in the 

cluster. A value of 95, for example, means test 

sufficient herds such that we are 95% confident 

that the desired target prevalence (e.g., 5%) would 

be detected.  

Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Herd PZH target  The target prevalence at which to test a cluster of 

PZH herds (per above).  
Post Outbreak 

Surveillance DB  
See 

post_outbreak 

 

prevalence   table  _surveillance. 

csv  

Herd SZH 

confidence 

level  

The confidence level at which to test a cluster of SZH 

herds. A value of 0 means test no herds in the 

cluster. A value of 100 means test all herds in the 

cluster. A value of 95, for example, means test 

sufficient herds such that we are 95% confident that 

the desired target prevalence (e.g., 5%) would be 

detected.  

Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Herd SZH 

target 

prevalence  

The target prevalence at which to test a cluster of 

SZH herds (per above).  
Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Animal VH 

confidence 

level  

The confidence level at which to sample animals in 

a VH herd. A value of 0 means sample no animals in 

the herd. A value of 100 means sample all animals in 

the herd. A value of 95, for example, means sample 

sufficient animals such that we are 95% confident 

that the desired target prevalence (e.g., 2%) would 

be detected.  

Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Animal VH 

target 

prevalence  

The target prevalence at which to sample a VH herd 

(per above).  
Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Animal PZH 

confidence 

level  

The confidence level at which to sample animals in 

an PZH herd. A value of 0 means sample no animals 

in the herd. A value of 100 means sample all animals 

in the herd. A value of 95, for example, means 

sample sufficient animals such that we are 95% 

confident that the desired target prevalence (e.g., 

2%) would be detected.  

Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Animal PZH 

target 

prevalence  

The target prevalence at which to sample an PZH 

herd (per above).  
Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  
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Animal SZH 

confidence 

level  

The confidence level at which to sample animals in 

a SZH herd. A value of 0 means sample no animals in 

the herd. A value of 100 means sample all animals in 

the herd. A value of 95, for example, means sample 

sufficient animals such that we are 95% confident 

that the desired target prevalence (e.g., 2%) would 

be detected.  

Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Animal SZH 

target 

prevalence  

The target prevalence at which to sample a SZH herd 

(per above).  
Post Outbreak 

Surveillance DB 

table  

See 
post_outbreak 
_surveillance. 
csv  

Removal rate  The daily rate at which vaccinates can be removed 

from the population.  
Species DB 

table  
See 

species.csv  

 

3.7 Scenario configuration  

The scenario is defined by the user in the scenario configuration file.  

Parameter  Description  Location  Example value  

Database name  Identifies the project database to be 

used.  
Scenario config file  EUFMDIS_PILO 

T  
Map grid 

boundaries  
Defines the lines of longitude and 

latitude that enclose the country under 

study.  

Country config file   

Borders  Defines the borders shape file for the 

country under study.  
Country config file  central_europe 

an_borders  

Regions  Defines the regions shape file for the 

country under study.  
Country config file  central_europe 

an_regions  
Scenario name  Defines the name of the scenario. All 

model output files are prepended with 

the scenario name.  

Scenario config file  baseline  

Scenario end 

mode  
Determines the trigger that ends a 
scenario: Options are:   
1) fixed - scenario ends on a fixed day. 

2) control-based - scenario ends when 

no E/I holdings and no pending control 

actions.  
3) detection - scenario ends after the 

detection of the first IH.  

Scenario config file  earliest  

Scenario max 

length  
Maximum length of a scenario in days  Scenario config file  365  

Number of runs  Defines how many times a scenario is 

re-run.  
Scenario config file  10  
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Seed mode  Defines how the primary cases are 
generated. Options are:  
1) Manual – the seed herd(s) are 
explicitly defined in the scenario config 
file.  
2) Random – the seed herd(s) are 
randomly generated according to 
criteria specified in the scenario config 
file.  
3) Snapshot – the seed herds are 
read in from a pre-defined snapshot 
file. A snapshot file is created when the 
user invokes the 'save' function via the 
Run Panel.  
4) Batch – the seed herd IDs are 

read in sequentially (one per run), from 

a text file.  

Scenario config file  false  

Number of manual 

seeds  
Defines the number of manually 

defined seed herds. Only applies when 

the scenario seed mode is manual.  

Scenario config file  1  

Seed herd ID(s)  Defines the ID of the primary case herd. 

Only applies when the scenario seed  

mode is manual. 

Scenario config file  109047  

 

    

Seed herd initial 

SEIR ratios  
Defines the initial SEIR compartment 

ratios for the seed herd. If the SEIR 

ratios are defined as zeros then the 

number of latent and/or infectious 

animals (defined below) are used for 

the seed herd. Only applies when the 

scenario seed mode is manual.  

Scenario config file  S=0.0  
E=0.0  
I=0.0  
R=0.0  

Number of latent 

animals in the 

seed herd  

Only applies when the scenario seed 

mode is manual and the initial SEIR 

ratios are set to zero.  

Scenario config file  4  

Number of 

infectious animals 

in the seed herd  

Only applies when the scenario seed 

mode is manual and the initial SEIR 

ratios are set to zero.  

Scenario config file  0  

Number of 

random seeds  
Defines the number of randomly 

defined seed herds. Only applies when 

the scenario seed mode is random.  

Scenario config file  1  

Random seed herd 

type  
Specifies the herd type of the randomly 

selected seed herd. Legal values are 0 

(don't care), 1..10). Only applies when 

the scenario seed mode is random.  

Scenario config file  7  

Random seed herd 

region  
Specifies the region of the randomly 

selected seed herd. Legal values are 0 

(don't care), 1..25). Only applies when 

the scenario seed mode is random.  

Scenario config file  0  
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Random seed herd 

state  
Specifies the jurisdiction of the 

randomly selected seed herd. Legal 

values are 0 (don't care), 1..7). Only 

applies when the scenario seed mode is 

random.  

Scenario config file  2  

Random seed herd 

minimum size  
Specifies the minimum size of the 

randomly selected seed herd. Only 

applies when the scenario seed mode is 

random.  

Scenario config file  100  

Random seed herd 

maximum size  
Specifies the maximum size of the 

randomly selected seed herd. Only 

applies when the scenario seed mode is 

random.  

Scenario config file  500  

Random seed herd  
initial SEIR ratios  

Defines the initial SEIR compartment 

ratios for the random seed herd. If the 

SEIR ratios are defined as zeros then the 

number of latent and/or infectious 

animals (defined below) are used for 

the seed herd. Only applies when the 

scenario seed mode is random.  

Scenario config file  S=0.0  
E=0.0  
I=0.0  
R=0.0  

Number of latent 

animals in the 

random seed herd  

Only applies when the scenario seed 

mode is random and the initial SEIR 

ratios are set to zero.  

Scenario config file  4  

Number of 

infectious animals 

in the random 

seed herd  

Only applies when the scenario seed 

mode is random and the initial SEIR 

ratios are set to zero.  

Scenario config file  0  

 

Re-use random 

seed(s) between 

runs  

When set to true the same randomly 

selected seed(s) are used for each 

scenario run. When set to false, new 

randomly selected seed herds are 

selected for each scenario run.  

Scenario config file  false  

Batch seed file  The name of the file containing the 

seed herd IDs. Only applies when the 

scenario seed mode is batch.  

Scenario config file   

Batch seed min 

latent  
If the number of animals in the batch 
seed herd is less than or equal to the 
'min latent herd size' (defined below), 
then the number of latent animals is set 
to 'min latent'.  
If the number of animals in the batch 
seed herd is greater than the 'min 
latent herd size' (defined below), then 
the number of latent animals is 
randomly set to a value between 'min 
latent' and 'max latent.  
Only applies when the scenario seed 

mode is batch.  

Scenario config file  1  
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Batch seed min 

latent herd size  
The herd size criteria used when 

determining the number of latent 

animals in the batch seed herd (see 

above). Only applies when the scenario 

seed mode is batch.  

Scenario config file  50  

Batch seed max 

latent  
The maximum number of latent animals 

in a seed herd (only applies when the 

scenario seed mode is batch).  

Scenario config file  4  

 

3.8 Outbreak costing 

EuFMDiS calculates daily costs for the control centres, IH operations, compensation, 

vaccination, loss of trade and the total cost are written per-run to the control report file.  

The daily costs are also dynamically displayed in the model status window.  

 

Parameter  Description  Location  Example value  

Control program 

costing enabled  
Determines whether the control 

program and post-outbreak 

management are costed.   

Disease config file  True  

Daily control centre 

cost  
The daily cost of running control 

centres per jurisdiction.  
Disease config file  $240,000  

Cull cost  The cost of culling a single animal in a 

specified herd type.  
Herd type DB table  See 

herd_type.csv  

Disposal cost  The cost of disposing a single animal in 

a specified herd type.  
Herd type DB table  See 

herd_type.csv  

Disinfection cost  The cost of disinfecting the holding for a 

specified herd type.  
Herd type DB table  See 

herd_type.csv  

Compensation 

cost  
The cost of compensating the owners of 

an infected holding that has undergone 

IH operations. Defined per animal, per 

herd type.  

Herd type DB table  See 

herd_type.csv  

Vaccination cost  The cost of vaccinating an animal. This 

includes labour and vaccine. Defined 

per animal, per herd type.  

Herd type DB table  See 

herd_type.csv  

Vaccination to 

waste cull cost  
the cost of culling a single vaccinated 

animal in a specific herd type for waste 

purposes  

Herd type DB table  See 

herd_type.csv  

Vaccination to 

waste disposal 

cost  

the cost of culling a single vaccinated 

animal in a specific herd type for waste 

purposes  

Herd type DB table  See 

herd_type.csv  

Vaccination to 

salvage cull cost  
the cost of culling a single vaccinated 

animal in a specific herd type for 

salvage purposes  

Herd type DB table  See 

herd_type.csv  

Post oubreak 

management cost  
Cost per SP/NSP test  Labtest DB table  See labtest.csv  
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Loss of trade cost  Daily cost attributed to the loss of trade  Disease config file  $20M EUR  

Return to trade 

waiting period 

when stamping 

out only  

Waiting period in days after the last 

holding was culled until trade may be 

resumed (when vaccination was not 

employed).  

Scenario config file  90 days  

Return to trade 

waiting period 

when vaccinating 

to remove  

Waiting period in days after the last 

vaccinated herd was removed until 

trade may be resumed (when a 

vaccination policy of 'vaccination to 

waste/salvage' was employed).  

Scenario config file  90 days  

Return to trade 

waiting period 

when vaccinating 

to retain  

Waiting period in days after the later of 

the last infected herd removal and the 

last herd vaccination, until trade may be 

resumed (when a vaccination policy of 

'vaccination to retain' was employed).  

Scenario config file  180 days  

  

3.9 Model report configuration  

The formal outputs of a EuFMDiS simulation are CSV report files (listed below). The 

definition and content of the report files are hard-coded (i.e., not tailorable by the user). 

The choice of which report files are produced is made by the user in the Scenario config 

file. The key model outcomes are listed in Section 5.  

Parameter  Description  Location  Example value  

Config report 

enabled  
Determines whether the config report is written. 

This report contains a summary of the scenario 

configuration including whether any parameters 

were overridden via the GUI.  

Scenario 

config file  
true  

Control report 

enabled  
Determines whether the control report is written.  

This report contains a summary of various control 

measure metrics.  

Scenario 

config file  
true  

Cost report 

enabled  
Determines whether the cost report is written. This 

report contains a summary of various outbreak 

costs.  

Scenario 

config file  
true  

Farm daily 

report enabled  
Determines whether the farm daily report is written.  

This report contains cumulative counts of declared 

holdings per day.  

Scenario 

config file  
true  

Farm summary 

report enabled  
Determines whether the farm summary report is 

written. This report contains cumulative counts of 

declared holdings per holding type.  

Scenario 

config file  
true  
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Farm dump 

report enabled  
Determines whether the farm dump report is 

written. This report contains the entire farm dataset 

including farm type, region, constituent herd IDs, 

latitude, longitude and species breakdown. It is a 

large report and should only be written on an 

asneeded basis.  

Scenario 

config file  
false  

Herd dump 

report enabled  
Determines whether the herd dump report is 

written. This report contains the entire herd dataset 

and the related farm IDs. It is a large report and 

should only be written on an as-needed basis.  

Scenario 

config file  
false  

Herd summary 

report enabled  
Determines whether the herd summary report is 

written. This report contains a summary of all 

infected herds (day and source of infection, day 

clinical, day diagnosed, day culled, day vaccinated, 

etc.).  

Scenario 

config file  
true  

Grid dump 

report enabled  
Determines whether the grid dump report is 

written. This report contains the bounding lat/longs 

for each grid cell. It is a large report and should only 

be written on an as-needed basis.  

Scenario 

config file  
false  

Model report  Determines whether the model report is written.  Scenario  false  

 

enabled  This is report is for model development and test 

purposes and is not normally of interest to a user.  
config file   

Resources 

report enabled  
Determines whether the resources report is written. 

This report contains a summary of control measures 

resource usage. It is a large report and should only 

be written on an as-needed basis.  

Scenario 

config file  
false  

Spread report 

enabled  
Determines whether the spread report is written. 

This report contains a summary of various spread 

pathway metrics.  

Scenario 

config file  
true  

Startup report 

enabled  
Determines whether the startup report is written. 

This report contains a summary of the scenario seed 

herds (i.e., the primary cases).  

Scenario 

config file  
true  

Vector report 

enabled  
Determines whether the vector report is written. 

This report contains a summary of the vector 

population on a per-run basis  

Scenario 

config file  
true  

Convergence 

enabled  
Determines whether convergence is enabled. This 

provides an indication across a set of runs as to how 

close the sample mean of key per-run indicators is 

to the theoretical population means. The indicators 

are: cumulative number of IHs, outbreak duration 

and total control cost.  

System  

config file  

true  
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Convergence 

confidence  
Confidence coefficient for the convergence, e.g., 

95% = 1.96. Refer to 'Determining the number of 

iterations for Monte Carlo simulations of weapon 

effectiveness' (Driels and Shin, 2004).   

System  

config file  

1.96  

 

4 Running the model  

1. Run the 'run EuFMDiS' shortcut on the Desktop 

2. A 'file chooser' pop-up should appear. 

3. Select the desired scenario config file, for example, eufmd\demo.properties 

4. The EuFMDiS Window should appearance 

5. The controls used to run a scenario run are located in the Run Panel: 

 

Run the scenario from start to finish.  

Step through the scenario one day at a time.  

Pause the running scenario.  

Stop the running scenario.  

Reload the scenario.  

Exit the model via the Quit command in the File Menu  

5 Model outcomes  

All report files are prepended with the scenario name and written into the 

EUFMDIS_ROOT\out\scenario_name\reports folder. Key model outcome variables are 

summarised in the following table.  
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Outcome variable  Report  

Name  

Column Name  

First detection day  Control  Detect day (Col B)  

First detection type  

(holding/slaughterhouse/assembly centre)  

Control  Detect type (Col C)  

First detection holding ID  Control  Detect holding ID (Col D)  

First detection herd type  Control  Detect herd type (Col E)  

Outbreak size  Control  Num IHs (Col F)  

Outbreak size convergence  Control  IH convergence (Col G)  

Control program duration  Control  Control Duration (Col W)  

Control program duration convergence  Control  Control Duration convergence (Col 

X)  

Number of ring culled holdings  Control  Num RCHs (Col H)  

Number of vaccination holdings  Control  NumVHs (Col I)  

Number of animals culled during the control 

program  

Farm 

summary  

Total animals culled (Col CA)  

Number of vaccinated animals culled during 

the post-outbreak management program  

Control   Post mgmt vacc animals culled (Col 

AX)  

Number of vaccinated animals  Farm 

summary  

Total vacc animals (Col AV)  

Number of member states involved in the 

outbreak  

Control  Controlled States (Col U)  

Number of member states impacted by the 
outbreak 

Control Impacted States (Col H) 

Cost of control operations (surveillance + 
culling + disposal + disinfection +  
compensation + vaccination)  

Cost  Total control ops cost (Col H)  

Cost of control operations convergence  Cost  Control Ops convergence (Col I)  

Cost of control (control operations + control 

centres)  

Cost  Total cost of control (Col K)  
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Cost of post-outbreak management  Cost  Total post-mgmt cost (Col Q)  

Days out of market  Cost  Days out of market (Col R)  

Loss of trade  Cost  Loss of trade (Col S)  

Total outbreak cost (control operations + 

control centres + post-outbreak mgt + loss of 

trade)  

Cost  Total cost (Col T)  

Member state specific costs  Cost  Col U to Col DU  

 –    

Note on interpreting model outcomes  

As EuFMDiS is a stochastic model, the model results will take the form of probability 

distributions. It is important when making comparisons and interpreting results that 

appropriate statistical methods are used in the analyses. If in doubt, users should seek 

statistical advice.  
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6 Tutorial  

6.1 Introduction  

This tutorial firstly provides a brief overview of basic EuFMDiS functionality in the form of 

'recipes' - short sets of instructions on completing specific tasks. Secondly, a sample FMD 

outbreak scenario is presented. Three control strategies are compared with respect to 

outbreak size, duration, and cost to control:  

• stamping out (SO). 

• stamping out plus suppressive ring vaccination and removal of vaccinated animals 

(SORV_WASTE). 

• stamping out plus suppressive ring vaccination and retention of vaccinated animals 

(SORV_RETAIN). 

• stamping out plus contiguous (ring) culling (SOCC). 

It is recommended that Bradhurst and colleagues (2015) be read prior to commencing this 

tutorial.  

6.2 Recipes  

6.2.1   Starting the model  

The 'demo' is a sample model configuration where FMD is introduced into a large-scale 

commercial breeding pig herd in Austria, detected on day 14, and then controlled via 

stamping out and suppressive ring vaccination.    

 

exercise  1: Start the model via the 'Run EuFMDiS' shortcut on the Desktop. This 

automatically references the demo configuration data. The model can be closed either via 

the Quit command in the EuFMDiS File Menu (located on the Menu bar shown below), or 

the Close (x) button on the window title.  

6.2.2 Model configuration data  

There are three components of EuFMDiS configuration: a relational database, configuration 

text files, and the graphical user interface (GUI).  
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1) A relational database (PostgreSQL, 2015) is used to store configuration data that may 

be large and have cross-dependencies such as population datasets and contact structures. 

The database ensures that referential integrity is maintained.  

2) Text files are used to store configuration data that is small without 

crossdependencies.  

3) The graphical user interface (GUI) is used for temporary configuration that is only in 

effect during the current program invocation. This is the focus of the tutorial. Advanced use 

of the model involves editing database (CSV) input files and configuration (TXT) files.  

The Run Panel is located near the top of the EuFMDiS window:  

 

Exercise 2: Use the Database Menu to open the Tables overview in your web browser. 

Browse a few of the tables, for example, herd_type, region and species. Don't worry too 

much about understanding the table columns at this stage. The overall structure of the 

database can be viewed via the schema entity-relationship diagram schema.  

Exercise 3: Use the Config Menu to open the Scenario Config file in your text editor. 

Observe that data items are of the form key=value and that lines starting with a # 

character contain freestyle comments. Note how the scenario configuration file defines the 

database, country configuration and disease configuration to include, e.g.,  

db.name=EUFMDIS_PILOTcountry.config=europe.properties 

disease.config=fmd_europe.properties scenario.name=demo  

Exercise 4: Display the following Dialogs via the Run Panel. Explore the panes within the 

Scenario and Vaccination Dialogs. Note that 'tooltip' descriptions are available by hovering 

the mouse cursor over any button in the Run Panel. (If the tooltips don't appear then click 

anywhere on the Run Panel to gain focus).  

 

         Scenario Dialog  

         Vaccination Dialog  

 IH    Operations Dialog  

        Find Dialog  
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6.2.3   Panning and zooming the map  

   The map is panned by selecting the Pan button on the Run Panel and then dragging 

and dropping as desired.    

 Panning mode is exited via the Select button on the Run Panel.  

    The map is zoomed by selecting the Zoom In/Out buttons on the Run Panel or 
preferably via the mouse scroll wheel (if available).  

Exercise 5: Practice using the pan and zoom features on the demo seed herd (the yellow dot 

in Austria).  

6.2.4   Running, stepping, pausing, stopping and reloading a scenario  

The controls used to run a scenario run are located in the Run Panel:  

Run the scenario from start to finish.  

Step through the scenario one day at a time.  

 

Pause the running scenario.  

Stop the running scenario.  

Reload the scenario 
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The current status of the scenario is provided in the Model Status Panel, located just 

under the Run Panel. The Model Status Panel contains static information such as the 

scenario name and seeding mode, and dynamic information such as the current sim date, 

current number of infected herds, scenario (run) status, sim day and run number.  

 

Exercise 6: Become comfortable with running, pausing, stepping, stopping and reloading 

a scenario and locating key information in the Model Status panel such as sim day, run 

number and scenario status. Note that once you stop a scenario it cannot be resumed.  

6.2.5 EuFMDiS hybrid architecture  

EuFMDiS has a hybrid model architecture that combines equation-based modelling with 

agent-based modelling. The spread of disease within a herd is represented with an 

equation-based model (EBM), and the spread of disease between herds and the control 

of disease is represented with an agent-based model (ABM). Each herd agent has an 

embedded EBM. Infection 'connections' form over time as disease spreads between herds 

over the spread pathways. Refer to Bradhurst et al. (2015) for further details.  
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The emergent behavior of an agent-based model such as EuFMDiS is the spatiotemporal 

spread of disease across the population, waxing and waning as the epidemic unfolds and 

control measures are deployed. The infection and epidemic curves described below are 

graphical summaries of this emergent behavior.  

6.2.6   Viewing the infection and epidemic curves  

 The Infection Curve Pop-up (below) is displayed via the Run Panel. The Infection 

Curve dynamically depicts the actual number of infected holdings (in orange) and the 

number of declared infected holdings (IHs) (in red) for each day of the scenario run.   
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 The Epidemic Curve Pop-up (below) is displayed via the Run Panel. The Epidemic Curve 

dynamically depicts the number of newly infected holdings (in orange) and the number of 

newly declared infected holdings (IHs) (in red) for each day of the scenario run.  

 

 

Exercise 8: Verify that the Infection Curve and Epidemic Curve Pop-ups can be closed and 

re-opened via their buttons on the Run Panel. Note that all the pop-ups can be closed and 

re-opened via the pop-up toggle button   

6.2.7   Viewing the outbreak distribution curves  

The Outbreak Size Distribution Curve is displayed via the Run Panel and  

dynamically depicts the distribution of the cumulative number of IHs over the course of 

multiple scenario runs. The example below shows the outbreak size distribution (min = 2 

IHs, median = 35 IHs, max =496 IHs) after 200 iterations of a scenario.  

 
The Outbreak Duration Distribution Curve is displayed via the Run Panel and dynamically 

depicts the distribution of the cumulative outbreak duration over the course of multiple 
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scenario runs. The example below shows the outbreak duration distribution (min = 49 

days, median = 80 days, max =209 days) after 200 iterations of a scenario.  

 

 Exercise 9: Change the number of runs of the scenario from 10 to 20 via the Scenario 

Dialog. Run 20 iterations of the demo scenario and observe the outbreak size and duration 

distributions starting to form.   

6.2.8   Changing the visualization mode  

The visualization mode is chosen via the Change Visualization tri-toggle button on the Run 

Panel.  

 

There are three visualization modes (i.e., three ways of looking at an outbreak): herd 

infectivity, spread pathway and declared holdings. The Change Visualization button cycles 

through the three visualization modes.  
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Herd Infectivity Visualization depicts the 

level of virus within each herd. Herds may 

be susceptible, infected, naturally immune, 

vaccine immune, have lost natural 

immunity, have lost vaccine immunity, or 

culled.  

The infected prevalence of a herd is 

visualized as 'heat' ranging from yellow 

(low prevalence) to red (high prevalence), 

This provides insight into the within-herd 

spread of disease (driven by a herd's EBM).  

 

Spread Pathway Visualization depicts the 

means by which an infected herd 

contracted the disease. Each of the spread 

pathways are color-coded.  This provides an 

insight into the between-herd spread of 

disease (driven by the ABM).    
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Declared Holdings Visualization depicts 

the current declared classification of a 

holding. This provides insight into the 

impact of control measures on the 

outbreak (driven by the ABM). The 

Declared Holdings visualization can be 

thought of as a disease manager's (limited) 

perception of an outbreak. In contrast the 

Herd Infectivity and Spread Pathway 

visualizations present the actual outbreak.  

 

Exercise 10: Reload the scenario and step through the first 28 days of an outbreak. 

Observe the contrast between the herd infectivity visualization (the actual infection 

status of the outbreak), and the declared holdings visualization (the disease manager's 

limited perception of the outbreak). Note that detection of the first IH is configured in the 

demo to always occur on day 14, from which point onwards the control program 

commences, i.e., the first controlled area appears on day 15.  

6.2.9   Viewing the infection network  

The set of susceptible herds can be viewed abstractly as nodes in a network. Over time a 

network topology forms as the spread pathways create edges. The topology takes the 

form of a directed acyclic graph, until such time as recovered herds lose their immunity. 

Network paths can subsequently be traversed forward to determine the downstream 

impact of an infected herd, and backward to trace the historical infection route. The 

network topology thus captures the spatiotemporal history of the outbreak.  
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 The Infection Network is enabled via the Network Mode button on the Run Panel.  

 The Infection Network is disabled via the Point Mode button on the Run 

Panel.  

Exercise 11: Select the Declared Holdings visualization and enable the display of the 

infection network via the Run Panel. Zoom the map into the seed herd. Reload the 

scenario and step through the first 28 days of the outbreak. Characterize the role of local 

and airborne spread early in the outbreak. Observe the rate of direct spread before and 

after movement restrictions are established on day 15. Why might direct and indirect 

spread sometimes still occur despite a control program being under way?   

6.2.10   Measuring distances on the map  

 The distance measuring tool is accessed via the Distance button on the Run Panel. 

Distances are measured by selecting the starting point (with a left mouse click) and then 

moving the mouse cursor to the destination point. Distance measuring mode is exited by 

double clicking anywhere on the map.  
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The lat/long of the starting point, and the distance and bearing to the destination point 

are dynamically displayed at the bottom left hand corner of the model.   

 

The distance measuring tool is exited via the Select button on the Run Panel.  

Exercise 12: Practice using the distance measuring tool by measuring the radius of the 

PZ and SZ around an IH.  
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6.2.11   Browsing the herd population  

 The Herd Type Locator Dialog (on the  right) 

is displayed via the Run Panel.  

The 9 herd types can be individually  highlighted 

against the back drop of susceptible herds (Herd 

Infectivity and Spread Pathway visualisations). 

This  provides insight into the distribution and  

density of the herd population and is useful when 

choosing seed herds. Note that when browsing 

areas with high densities of herds  it may be 

useful to temporarily hide the  susceptible herds 

so as to better select the herd type(s) of interest.  

The Herd Pop-up (on the right) is invoked via a left 

mouse click on any herd (Herd Infectivity and 

Spread Pathway visualisations only). It displays a 

range of static attributes (e.g., size, type, location, 

region) and dynamic attributes (e.g., prevalence, 

first and last days of infection).   

Graphical utilities such as the Prevalence Curve and 

Infection Route are invoked via the Herd Pop-up.   
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The Holding Pop-up (on the right) is invoked 

via a left mouse click on any farm (Declared 

Holdings Visualisation only). It  displays a 

range of static attributes (e.g.,  size, type, 

location, region) and dynamic attributes (e.g., 

holding classification and declared area).  

Exercise 13: Display the Herd Pop-up and 

Holding Pop-up for the seed herd. Display 

the Holding Pop-up for several IHs, SHs  

6.2.12   Displaying herd prevalence  

The Prevalence Curve (below) is a graphical representation of the EBM-generated 

prediction of disease spread within a herd. To display the Prevalence Curve:  

1) Change the model visualisation to 

either Herd Infectivity or Spread 

Pathway. 

2) Display the Herd Pop-up with a left 

mouse click on the herd of interest. 

3) Click  on  'display 

 prevalence curves' in the Herd 

Pop-up. 
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• Infected prevalence (the proportion of the herd that is latent or infectious) is 

depicted as orange 'heat' values. 

  

• Clinical prevalence (the proportion of the herd that is exhibiting clinical signs) is 

depicted in blue.  

• Infectious prevalence (normalized proportion of the herd that is infectious) is 

depicted in red.  

• The serological prevalence of a herd is derived from the proportion of the herd 

that is exposed, infectious or recovered, taking into account the 'serological lag' 

(as defined in the Species database table) between infection and seropositivity. 

Once the maximum serological prevalence is reached it decays linearly over the 

course of the configured 'serological duration'. 

• The NSP+ prevalence is the ratio of animals in a herd that are serologically positive 

and not vaccine immune. 

 

When the Pre-Vacc button appears it indicates that the pre-vaccination prevalence data 

is available for display. This illustrates the before and after impact of vaccination on the 

herd's prevalence (i.e., what would have happened had the herd not been vaccinated). 
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The day that vaccination completed is shown in light purple and the day that immunity 

was achieved is shown in dark purple. In the context of the model's ABM, this is an 

example of an agent (i.e., the herd), reacting to the influence of the environment (i.e., the 

vaccination control measure).  

 

Temporary graphical outputs such as a Prevalence Curve can be dismissed via the Clear 

button  located on the Run Panel.  

Exercise 14: Use the herd pop-up to display the Prevalence Curve for several infected 

herds. Dismiss the pop-ups via the Clear button  

Display the Prevalence Curves for all actively infected herds via the Debug Dialog  

6.2.13   Changing the scenario name, start date and length  

 The Scenario Dialog is displayed via the Run Panel.  

The scenario name (defined persistently in the scenario config file) can be temporarily 

overridden via the Scenario Dialog. Model output files are distinguished via the scenario 

name. It is thus important to make sure that you choose a new scenario name when 

configuring a new scenario via the GUI. Otherwise, previous scenario results will be 

overwritten.  
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The length of a scenario run is dictated by the 'scenario end' mode:  

1) Fixed – the scenario ends after a fixed number of days. The value (defined in the 

scenario config file) can be overridden via the Scenario Dialog. 
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2) First detection – the scenario ends when the first IH is declared (i.e., only the 

silent spread phase of the outbreak is modelled). 

3) Control-based – the scenario ends when the outbreak is under control. This 

means there are no infected holdings and no outstanding control actions (e.g. 

surveillance visits). To prevent run-away outbreaks a scenario will automatically 

end once the maximum length has been reached. 

A scenario is comprised of multiple runs (or iterations). The number of runs (defined in 

the scenario config file) can be overridden via the Scenario Dialog. A scenario can have a 

fixed start date (dd/mm/yyyy) or start on the first day of a random month.  

Exercise 15:  Use the Scenario Dialog to change the number of runs from 10 to 15 

and the start date from fixed to random. Re-run the scenario and verify that 15 runs are 

completed each with a random start month.  

6.2.14   Browsing individual scenario runs  

When all runs of a scenario have completed it is possible to browse through the 

endstates of each run via the Previous Run and Next Run buttons.  

The previous run of a completed scenario is accessed via the Run Panel.  

The next run of a completed scenario is accessed via the Run Panel.  

Exercise 16: Browse some of the completed runs via the Previous Run and Next Run 

buttons. Load a specific run via the Debug Dialog   

6.2.15   Enabling/disabling control measures  

 The Scenario Dialog is displayed via the Run Panel.  

Individual control measures can be temporarily disabled/enabled via the Scenario 

Dialog. Some examples of scenarios that require individual control measures to be 

disabled/enabled include:  

• Simulating the silent spread phase of an outbreak by disabling all control 

measures. 
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• Simulating suppressive ring vaccination by enabling the Vaccination control 

measure. 

• Simulating limited tracing resources by disabling the Indirect Tracing control 

measure (and leaving the Direct Tracing control measure enabled) 

• Enabling post-outbreak management (surveillance, proof-of-freedom, 

management of vaccinated animals, return-to-trade). 

•   

6.2.16   Changing the stamping out policy  

 The IH Operations Dialog is displayed via the Run Panel.  

 

IH Operations is comprised of three separately resourced activities: culling, disposal and 

disinfection. The default stamping out policy is the immediate culling of confirmed 

infected holdings (subject to available resources). IH Operations policy is configured per 

jurisdiction however these can be overridden with a single EU-wide policy via the IH 

Operations Dialog.  

Contiguous (ring) culling is configured via the IH Operations Dialog and may be triggered 

on a specified day, or on a specified day provided a specified cumulative number of IHs 

has been reached. A culling zone of configurable radius is established around each IH.   

Holdings awaiting culling are dynamically prioritized according to: holding classification  
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(IH > RCH ≥ CH > SH > TH ≥ PZH ≥ SZH), species (pigs > cattle > sheep) and holding size 

(larger > smaller). If two holdings have the same classification they are prioritized based 

on species. If two holdings have the same classification and species they are prioritized 

based on holding size.  

6.2.17   Changing the vaccination policy  

 Vaccination is configured per jurisdiction in the database however this can  

be overridden with a single EU-wide policy via the Vaccination Dialog (below). The 

functionality is spread across three panes: Trigger, Configuration and Priorities.  

(a) Trigger Pane  

• Vaccination policy – options are: disabled, vaccinate to waste, vaccinate to 

salvage, vaccinate to retain. The vaccination policy can also be set via the 

Scenario Dialog. 

• Vaccination zones – may be displayed or hidden. Vaccination zones are user 

defined areas where vaccination may only occur. They are defined on a per herd 

basis in the Herd table in the database. Whether vaccination zones are heeded 

or not is defined in the Vaccination database table. 

• Trigger point – a vaccination program may be triggered based on sim day, 

cumulative number of IHs, pending cull count, area of infection or detection 

density. Any of these triggers can be 'anded' together. 
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(b) Configuration Pane  

• Annulus – a vaccination annulus of configurable radii is established around each 

IH. The inner and outer radii are set via the Vaccination Dialog. 

• Direction – vaccination visits can be configured to occur from the outside of the 

annulus and proceed towards inwards, or from the inside of the annulus and 

proceed outwards. The vaccination direction (outside-in, inside-out) is set via the 

Vaccination Dialog. 

• Retrospectivity – vaccination can be configured to occur around all IHs or only 

around IHs declared on or after the start of the vaccination program. Vaccination 

retrospectivity (all IHs, new IHs only) is set via the Vaccination Dialog. When 

retrospectivity is set to all IHs it is possible to limit the backwards window in 

time to a fixed number of days. The retrospectivity window is set via the 

Vaccination Dialog. 

• Vaccine Banks – the per-jurisdiction vaccine banks can be overridden with a 

single EU-wide shared vaccine bank. 

 

(c) Priorities Pane  

• Priority - holdings awaiting vaccination are dynamically prioritized according to: 

herd type (per configurable priority), holding size (larger > smaller) and distance 

to the nearest IH (per configurable direction of outside-in or inside-out). The 
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herd type prioritization is defined via the Vaccination Dialog. The highest priority 

is 1 and the lowest is 10. Multiple herds can have the same priority level. It is 

also possible to exclude specific herd types from the vaccination program by 

selecting a priority of “No vaccination”. 
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6.2.18 Viewing scenario output files  

Scenario output reports for the current run can be viewed via the EuFMDiS Reports Menu. 

Reports can also be browsed directly in the EUFMDIS_ROOT\out folder (accessed via the 

'Browse reports' shortcut on the Desktop).   

• Startup – initial outbreak conditions per run 

• Config – summary of key configuration choices for the scenario 

• Herd – herds of interest (infected/culled/vaccinated) per run 

• Farm summary – cumulative holding statistics per run 

• Farm daily – cumulative holding statistics per day per run 

• Spread – disease spread pathway summary data per run 

• Control – control summary data per run 
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6.2.19 Searching for features of interest  

 The Find Dialog is accessed via the Run Panel  

 

Herds, holdings, towns, assembly centres and weather stations can be searched for by ID. 

Towns and weather stations can be searched for by name. Points of latitude and longitude 

can be search for by decimal degrees.  

All herds, holdings, towns, assembly centres and weather stations have an associated 

pop-up that is accessed with a left mouse click. Before selecting a town, assembly centre 

or weather station it is best to temporarily hide the susceptible herds via the Find Dialog.  

The ability to search for lat longs, towns and assembly centres is useful when choosing 

seed herds. For example, a user might want to initiate infection in a pig herd that is within 

20km of a specific town and has neighboring dairy herds.  

Exercise 17:  

(a)  Find the ID of the dairy herd nearest the Austrian town of Wels  

(b)  Find the name of the city closest to latitude 45.779 and longitude 15.961  

(c)  Find the ID of the commercial buffalo herd closest to FAO HQ  
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6.2.20   Monitoring resource usage  

EuFMDiS dynamically constrains control programs by the resources available on a per 

jurisdiction basis. Resources include: surveillance, culling, disposal, disinfection and 

vaccination teams, and vaccine doses. Teams are organized in pools per jurisdiction, i.e. 

each jurisdiction has five pools. The pools are dynamically sized according to configuration 

data. Vaccine pools can be configured on a per jurisdiction basis or as a single EU-wide 

shared pool.  

The Resources Monitor dynamically show the numbers of free teams and busy teams over 

time. The grey bars represent pool capacity (per team type per jurisdiction) and the 

coloured bars represent pool usage.  

 

 

The IH Ops Monitor, Vaccination and Surveillance Monitors dynamically show the number 

of visits in progress, the number of visits completed and the visit backlog over time.   
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The Surveillance Queue Monitor depicts the dynamic reprioritization of surveillance visits 

over time according to holding classification, declared area type, herd type and the time 

waiting for a visit. The yellow bar depicts the number of surveillance visits in progress 

while the red bars represent the dynamic priority queues of visits.   
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  The Resources, IH Operations, Vaccination and Surveillance Monitors are 

displayed/hidden via the Pop-up Popper/DePopper button on the Run Panel.  
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6.2.21   Changing resource allocations  

 The Resources Dialog is displayed via the Run Panel.  

Surveillance, culling, disposal, disinfection and vaccination resources (i.e. teams), are 

organised in pools per jurisdiction. The pools are dynamically sized according to 

configuration data which defines the initial size, the maximum size and a ramp between 

the two.   

 

The per-jurisdiction values can be overridden with EU-wide values via the Resources 

Dialog (below). This allows the modeler to experiment as to how the abundance or 

scarcity of particular teams influences the efficacy of control programs.  
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6.3 Sample outbreak scenario  

6.3.1 Overview  

The case study scenario is an outbreak of FMD in a large commercial pig breeding holdings 

in Austria (n=906). The outbreak occurs in September when the usual cool weather favors 

the survival of FMDV outside a host. Detection of the index case occurs 14 days after the 

primary infection. Four strategies for controlling the outbreak are to be assessed:  

• stamping out of infected holdings (SO), 
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• stamping out of infected holdings plus suppressive ring vaccination with 

postoutbreak removal of vaccinated animals (SORV_WASTE). 

• stamping out of infected holdings plus suppressive ring vaccination with retention 

of vaccinated animals in the population (SORV_RETAIN). 

• stamping out of infected holdings plus contiguous (ring) culling (SOCC). Selected 

parameter settings for the control strategies are provided in Table 4.  

Table 4. Selected control program parameter settings  

Control Parameter  Value  

Livestock standstill  3 days  

Protection Zone (PZ)  3km radius enclosing each IH  

Controlled area (SZ)  10km radius enclosing each IH  

Start of vaccination program  7th day of the control program  

Vaccination annulus radii  0km, 3km  

Vaccination direction  Outside-in  

Large dairy (1), large beef (1), small beef 

(1), buffalo (1), small ruminants (2) All IHs  

Disabled 
shared  
See profile in resources.csv  
7th day of the control program  

1km  

Herd types to vaccinate (priority)  

Retrospectivity (All IHs / new IHs only)  

User defined vaccination zones  

Vaccine bank (shared EU-wide / per jurisdiction)  

Vaccination resources  

Start of ring culling program  

Ring culling radius (km)  

6.3.2 Stamping out plus suppressive ring vaccination to waste (SORV_WASTE)  

1)  Use the Scenario Dialog to change the scenario name from “demo” to 

“sorv_waste”.  

2)  Use the Scenario Dialog to change the number of runs from 10 to 100. 

3)  Use the Scenario Dialog to enable post-outbreak management. 

4)  Use the Vaccination Dialog to enable vaccination (to waste) on the 7th day of 

control with an inner radius of 0km and an outer radius of 3km.  
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5)  Run the scenario (this should take approximately 20 minutes). 

Confirm that the simulation reports have been written either by browsing the 

eufmdis\out\sorv_waste\reports folder or via the EuFMDiS Reports Menu.  

6.3.3 Stamping out plus suppressive ring vaccination to retain (SORV_RETAIN)  

1)  Use the Scenario Dialog to change the scenario name from “sorv_waste” to 

“sorv_retain” (and ensure that post-outbreak mgmt is still enabled).  

2)  Use the Vaccination Dialog to enable vaccination (to retain) on the 7th day of 

control with an inner radius of 0km and an outer radius of 3km.  

3)  Run the scenario (this should take approximately 20 minutes). 

4) Confirm that the simulation reports have been written either by browsing the 

eufmdis\out\sorv_retain\reports folder or via the EuFMDiS Reports Menu. 

6.3.4 Stamping out plus ring culling (SOCC)  

1)  Use the Scenario Dialog to rename the scenario from “sorv_retain” to “socc” 

(and ensure that post-outbreak mgmt is still enabled).  

2)  Use the Vaccination Dialog to disable vaccination. 

3)  Use the IH Operations Dialog to enable ring culling on the 7th day of control 

with a radius of 1km.  

4)  Run the scenario (this should take approximately 20 minutes). 

5) Confirm that the simulation reports have been written either by browsing the 

eufmdis\out\socc\reports folder or via the EuFMDiS Reports Menu. 

6.3.5 Stamping out only (SO)  

1)  Use the Scenario Dialog to change the scenario name from “socc” to “so” 

(and ensure that post-outbreak mgmt is still enabled).  

2)  Use the Scenario Dialog to disable vaccination. 
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3)  Use the IH Operations Dialog to disable ring culling. 

4)  Run the scenario (this should take approximately 20 minutes). 

5) Confirm that the simulation reports have been written either by browsing the 

eufmdis\out\so\reports folder or via the EuFMDiS Reports. 

6.3.6 Analysis of simulation outputs  

As the EuFMDiS model is stochastic the outcomes are distributions (refer to Section 

6.2.7). Use Excel to calculate the 5th percentile, median and 95th percentile for the 

outcome variables from Section 5 that you consider important. Discussion points:   

• How does the introduction of vaccination affect the distributions of outbreak 

size, duration and cost of control? 

• What are the implications of retaining vaccinates vs destroying vaccinates with 

respect to the cost of post-outbreak management and return to trade? 

• How does the introduction of ring culling affect the distributions of outbreak 

size, duration and cost of control? 

• What is a possible reason for outbreak durations to increase when an 

aggressive ring culling policy is employed? Hint: Observe the IH Operations 

monitor when a larger ring culling radius of 3km is adopted. 

• How might the availability of vaccine teams and vaccine doses (constrained per 

jurisdiction) influence the efficacy of the control program. How would you go 

about testing the merit of a single EU-wide vaccine bank vs a separate bank per 

member state? Are there other vaccination parameters that you might like to 

experiment with? (refer to the panes of the Vaccination Dialog). 

• The statistical convergence E of an outcome variable is defined as the 

percentage standard error of the sample mean for a specified confidence (e.g. 

95%) (Driels and Shin, 2004).  This indicates how close the sample mean of the 

variable has converged to the theoretical population mean. The model reports 

the convergence of outbreak size, outbreak duration and control program cost. 
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Are your convergence values satisfactory? Are higher numbers of iterations 

required?   
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Appendix A: Glossary  

AADIS – Australian Animal Disease Spread Model  

ABM – Agent-based model  

CH – Contact Holding - a high risk holding where tracing has indicated a direct 

movement from an infected holding, and is awaiting investigation.  

Convergence – the statistical convergence of an outcome variable is the percentage 

standard error of the sample mean for a specified confidence (e.g. 95%). This indicates 

how close the sample mean of the variable has converged to the theoretical population 

mean. The lower the convergence score the better (e.g., 5%). A high convergence score 

(e.g., 30%) indicates there is a lot of variability in the distribution of the outcome 

variable and perhaps more simulation iterations should be conducted.  

CSV – Comma-separated variable  

DB – Database  

EBM – Equation-based model  

EuFMDiS – European Foot-and-Mouth Disease Spread Model  

fCH – Contact Holding - a holding where tracing has falsely indicated a direct movement 

from an infected holding, and is awaiting investigation.  

FZ – Free Zone - area outside the Protected and Surveillance Zones.  

fSH – False Suspect Holding - a holding where clinical signs have been falsely reported, 

and is awaiting investigation.  

fTH – False Trace Holding - a holding where tracing has falsely indicated potential 

exposure to disease, and is awaiting investigation.  

GUI – Graphical User Interface.  

IH – Infected Holding – a holding that has been declared infected. 

Jurisdiction – member state (as defined in the jurisdiction database table) NIJ 

– Non-infected jurisdiction (i.e., a member state in the Free Zone).  
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OS – Operating System.  

PZ – Protection Zone.  

PZH – Protection Zone Holding - default classification of a holding within a Protection 

Zone.  

RCH – Ring Cull Holding - holding that have been slated for contiguous (ring) culling.  

RH – Resolved Holding - a holding that has (i) been culled – including IHs, RCHs,  (ii) been 

pre-emptively culled CHs and SHs, or (iii) acquired natural immunity.  

sRH – Susceptible Resolved Holding  - a resolved holding that lost natural immunity and 

is susceptible again.  

SH – Suspect Holding - a holding where clinical signs have been reported and is awaiting 

investigation.  

sVH – Susceptible Vaccinated Holding  - a vaccinated holding that lost vaccine immunity 

and is susceptible again.  

SZ – Surveillance Zone.  

SZH – Surveillance Zone Holding - default classification of a holding within a Surveillance 

Zone.  

TH – Trace Holding - a holding where tracing has indicated potential indirect exposure to 

disease, and is awaiting investigation.  

UH – Undeclared Holding – default classification of a holding in the Free Zone. VH – 

Vaccinated holding - a holding that is undergoing or has undergone vaccination.  

xPZH – Exclusive Protection Zone Holding - a holding whose 'highest' classification 

during an outbreak was PZH, i.e., the holding did not go on to become an IH, RH or VH.  

xSZH – Exclusive Surveillance Zone Holding - a holding whose 'highest' classification 

during an outbreak was SZH, i.e., the holding did not go on to become an PZH, IH, RH or 

VH.  

xVH – Exclusive Vaccinated Holding - a holding whose 'highest' classification during an 

outbreak was VH, i.e., the holding did not go on to become an IH or RH.  
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