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1 Executive Summary 
More than three hundred and fifty pests are classified by Australian plant industries as 
priority plant-pests. A large number of these have never been detected in Australia, and 
information about their impact on the Australian environment, community and business 
activity, should they ever establish and spread, is limited. There is currently no national 
framework or mechanism for prioritising plant pests. In this report we document a 
framework that could be used to prioritise funding for surveillance of these pests.  

1.1 Prioritisation framework 

The prioritisation framework described in this report is two-fold: 
1. a ‘screening process’ is developed and used to identify the pests that should 

appear on a list of priority pests of national surveillance. This approach is based 
on decision trees and involves calculation of potential impacts; and 

2. for those plant pests that remain after the screening process, the calculations of 
impact are used to rank pests by relative severity.  

This report is presented in two parts: 

• Part I explains the prioritisation framework; and  

• Part II describes a web-based app to calculate the potential impact of the pest 
on the economy, the environment, people and their values and preferences.  

1.2  Future development of the prioritisation tool 
Outputs from this project provide a platform for on-going development of a computer-
based model that enables routine evaluation of the ranking of plant pests based on 
priority criteria and pest-specific information about impact. 

1.3  Recommendations 

1. That evidence supporting claims of pest status be recorded.  

The DAWR analyst needs to record which rules were invoked to reach a decision on 
each criterion, and the reasoning and sources of evidence that were used to support the 
invocation of those rules. This will assist in justifying pest-status, and in the on-going 
re-assessment of pest-status. We recommend that this become a standard procedure in 
application of the criteria. A suggested template for recording relevant information is 
given in Appendix B. 

2. That estimates of impacts be calculated using the relevant expertise 

Impacts of plant pest incursions in new invasion scenarios are challenging to understand 
and value, particularly where those impacts occur on the environment. Valuing impact 
is a key aspect of the prioritisation process and must be undertaken rigorously. We 
recommend input from an economist with expertise in non-market valuation to assist 
with calculations of non-market impact. We also recommend input from an ecologist 
with knowledge of Australia’s nationally and ecologically valuable species/places be 
used to identify likely impacts on those assets.  
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3. That CLIMATCH be used to estimate potential spread of the pest 

We recommend CLIMATCH be used in estimating potential spread because it provides 
a reasonable first approximation, generally does not underestimate to potential spread 
of a pest, is relatively intuitive and easy to user and is well established with government 
analysts. 

4. That checklists of potential impacts be further refined, and subsequently 
used in determining impact/s 

Checklists of potential impacts on each of the economy, environment and community 
serve to guide the user systematically through selection of impacts of a particular pest 
or disease. Lists of a range of possible impacts caused by pests are presented in this 
document. The lists presented in this report are not exhaustive and should be further 
developed. 

5. That the App be further tested and refined 

The app is available for immediate use. It has been populated by data and assumptions 
that provide a starting point for actual calculations of impact. The app should be further 
tested, ideally by stakeholders, and the supporting data should be thoroughly vetted by 
appropriate specialists. 
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2 Introduction 
Approximately 370 plant pests are classified by Australian plant industries as priority 
plant-pests (PHA 2018). A large number of these have never been detected in Australia, 
and if they were to establish they would likely have significant negative effects on 
production areas or in the natural environment. Efficiently allocating increasingly 
scarce surveillance resources to manage these threats presents a significant challenge 
because no prioritisation method is currently available that could be applied nationally. 
A national framework for prioritising these pests and guiding government investment 
would support the allocation of limited plant-health surveillance resources to detecting 
those pests that pose the greatest risk. The framework would also help direct 
surveillance effort to the part of the continuum which is most appropriate for that pest.  
The Subcommittee on National Plant Health Surveillance (SNPHS) is the committee 
responsible for maintaining and improving Australia’s plant health surveillance 
capacity. One of its key responsibilities is to develop a framework for priority plant 
pests or groups of pests for national plant pest surveillance2. SNPHS has developed five 
core criteria for identifying priority pests for national surveillance (internal Department 
of Agriculture and Water Resources (DAWR) document). In summary, these are that 
the pest must: 

i) be injurious to plants, plant products or bees or impacts social amenity (plant 
pest); 

ii) be exotic to Australia, or have limited distribution and be under official 
control (pest status); 

iii) have potential pathways to reach Australian borders (pest entry); 
iv) have the potential to establish and spread in Australia (pest establishment 

and spread); and 
v) have potential to cause significant negative impact on national economies, 

environment and/or community (pest impact). 
The next step is to develop a method that allows these criteria to be practically 
implemented by staff in DAWR who are responsible for allocating resources to plant-
pest surveillance. This involves adding significant detail to the criteria and their usage. 
For example, it is unclear whether a pest must meet all the criteria simultaneously to be 
classified as a pest, how a potential pest should be assessed against each criterion, or 
how ‘impact’ should be measured. These issues are discussed in Part I of this report. 
While the National Environmental Biosecurity Response Agreement (NEBRA)3 
contains guidance on calculation of nationally significant impact on the environment, 
it does not provide a means of forming judgements about impact in a coherent synthesis 
that would support decision making. Part II of this report describes a web-based App 

 
 

2 The full list of SNPHS roles and responsibilities is available at 
http://www.agriculture.gov.au/plant/health/committees/snphs 
3 The NEBRA was signed by the Commonwealth, state and territory governments in January 2012 and 
is reviewed every five years. Recommendations from the 2017 review may be accessed at 
http://www.agriculture.gov.au/SiteCollectionDocuments/nebra-five-year-review.pdf  

http://www.agriculture.gov.au/SiteCollectionDocuments/nebra-five-year-review.pdf
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that will provide such a synthesis and a means for decision makers to explore the 
sensitivity of decisions to uncertainties in the data and estimates of impact.  
Outputs from this project provide a platform for on-going development of a computer-
based model that enables routine evaluation of the ranking of plant pests based on 
priority criteria and pest-specific information about impact. 

2.1 Objectives 
This project aims to deliver essential tools to support resourcing national surveillance 
effort. Its objectives are threefold, to:  

1. review criteria developed by SNPHS for prioritising plant pests for surveillance, 
2. identify factors for prioritising plant pests for surveillance; and  
3. develop structured guidelines, parameters and/or protocols for prioritisation: 

i. describe how to undertake prioritisation, and  
ii. identify the components needed to develop a tool to rank high priority plant 

pests based on the criteria.  
The outcomes of this project, in conjunction with CEBRA project 1402B4, support a 
cost-effective and risk-based plant health surveillance system that minimises the 
economic and environmental cost involved in eradicating and managing invasive plant 
pests if established. 

2.2  Methodology 

The process of prioritisation described in this report is two-fold: 
1. develop and describe the ‘screening process’ by which the five core criteria are 

used to identify the pests that should appear on a list of priority pests of national 
surveillance. This approach is based on decision trees. A key part of this process 
is calculation of impact; and 

2. for those plant pests that remain after the screening process, use the calculations 
of impact to rank pests by relative severity.  

Part I of this report details the prioritisation process, in particular, a logical structure for 
considering and combining information over the criteria to ensure rational screening 
outcomes.  
Part II of this report presents a web-based app designed to allow stakeholders and 
decision makers to explore impacts and their sensitivity to estimates of harm. The 
platform was developed in the ‘shiny app’ environment to provide a prototype 
framework for managers and stakeholders to explore the sensitivity of the criteria to 
alternative assumptions and weights, a platform for discussion and resolution of 
competing subjective values and preferences. 

 
 
4 ‘Tools and approaches for invasive species distribution modelling for surveillance’ see 
http://cebra.unimelb.edu.au/research/spatial_analysis/invasive_sdm for more information. 

http://cebra.unimelb.edu.au/research/spatial_analysis/invasive_sdm
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3 Prioritisation of invasive-species 
Decisions on allocation of limited funds to surveillance of invasive species are usually 
based on the perceived risks posed by invasive species to an economy, region or country 
– those posing the greatest risk are identified using a range of methods, and resources 
are subsequently allocated in ways that, ideally, minimise, reduce or eliminate the threat 
posed by those species.  
There are five core criteria for identifying priority pests for national surveillance, 
endorsed by SNPHS and agreed to by the Plant Health Committee. To be considered a 
national priority pest, the following core criterial must be met: 

i) The pest is any species, strain or biotype of plant, animal or pathogenic agent 
(except human, weeds and parasitic plants) injurious to plants, plant 
products or bees, or impacts social amenity (plant pest); 

ii) The pest is not currently recorded in Australia, or is present but subject to 
official control, either containment or eradication (pest status); 

iii) The pest has potential pathways to reach Australian borders based on its 
global distribution, passenger and cargo movements, trade links with 
Australia, or potential for introduction through natural means (pest entry); 

iv) The pest has the potential to establish and spread in Australia because of its 
biology, availability of suitable hosts, appropriate climatic conditions and 
internal pathways (including biological vectors) (pest establishment and 
spread); 

v) The pest has potential to cause significant negative impact on national 
economies, environment and/or community (pest impact); 

and there is a clear benefit from, or requirement for nationally coordinated action or 
approach. 
These criteria are based on ISPM511 (FAO 2017) and reflect the standard framing of 
biosecurity in Australia; that risk is a function of the probability that a pest or disease 
will enter, establish and spread, and the impact that will occur when the taxon reaches 
its full extent, conditioned by the feasibility of cost-effective surveillance, interventions 
and management. As such, they provide a sound starting point for the formulation of 
plant pest priorities – we confirm the criteria are appropriate and complete. 
Each of these criteria may be operationalised with detailed sub-criteria on several levels 
(a spreadsheet with a credible, candidate set of sub-criteria was circulated early in the 
project). Each sub-criterion should be relevant to a particular feature of entry, 
establishment, spread, impact and management. They should include the specifics of 
the pest’s status, which pathways it may be found on and whether they are subject to 
quarantine inspection, vectors for its spread, its reproductive potential, and the range of 
economic, environmental and social impacts that are likely to arise, if it establishes and 
spreads. 

 
 
5 International Standards for Phytosanitary Measures. 



Plant-pest prioritisation 
  

11 
 

Each of these issues is important and relevant to decision-making. To reach decisions 
and set priorities, the sub-criteria have to be scored or assessed. Difficulty arises in 
specifying how to weight and combine them.  
Many methodologies, tools and applications have been developed for prioritisation in 
a range of biosecurity contexts. Table 1 summarises the tools and techniques available 
for pest prioritisation, and provides examples of their applications. The broad range of 
criteria that have been developed and applied reflect the specific requirements of the 
circumstances in which they are applied.  
In many of these applications, participants decide weights for the criteria using a 
structured technique such as Analytic Hierarchy Process (AHP). In others, weights and 
the means for combining scores are decided by consensus, typically amongst a group 
of experts.  
However, these applications have two problems. First, the weights express both 
objective information such as the extent and severity of threat, as well as subjective 
opinions regarding the importance of what is to be gained or lost from the establishment 
and spread of the pest. The subjective opinions should reflect the preferences of all 
relevant stakeholders and are not adequately represented by a group of experts. It is 
well established that stakeholders will resist bureaucratic decisions if they believe the 
process has been unfair, if they haven’t been heard, or if the process has not been 
transparent and accountable (Reed 2008; Bosse et al. 2009). 
Second, most of the procedures rely on additive point scoring systems. Adding scores 
for the criteria may result in perverse or incorrect priorities. The reason is that when 
scores for the criteria are added, it implies that one criterion or sub-criterion may be 
substituted by another. This may make sense in some instances, but it does not in others.  
For example, if a pest scores high on economic impact, that effect may be compensated 
by the fact that it scores low on social impacts, and a point scoring system may average 
them to a moderate impact. In the Australian context, a pest that has severe impacts on 
either social or economic criteria should be considered to have severe impacts overall. 
In another example, if the probability of entry is close to 1 on a single pathway, but 
very low on all others, the average probability of entry overall in a point scoring system 
may be estimated to be low overall. This would be incorrect. A third example is one in 
which a pest that has almost no chance of entering Australia may nevertheless be given 
high priority in a point scoring system because it scores high on all other criteria. This 
would constitute a perverse outcome. 
Thus, the most important thing in an approach to implementing the SNPHS criteria will 
be to develop an approach that provides a framework in which the preferences of 
relevant stakeholders may be considered transparently and defensibly, and one that 
assimilates the various criteria sensibly. 
Given the review above and in Table 1, our approach to plant pest prioritisation was to 
implement the criteria in two stages. In the first stage, rather than refine the criteria and 
sub-criteria, which are all relevant (Project Objective 1), we took the agreed criteria and 
relevant sub-criteria and arranged them in a structured way that avoids perverse 
outcomes. We achieved this by linking the hierarchy of criteria with logical rules that 
specify how the criteria are to be combined. Thus, we provided a logical subsystem for 
interpreting and combining them.  
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The rules outlined below provide a screening-level risk assessment that will exclude 
potential pests that do not pose a serious risk of harm to the environment, the economy 
or society, because they are unlikely to arrive, they are already present and under 
control, or are not particularly harmful, or they are impossible to detect and manage 
cost-effectively. This exercise is driven by data, biological, economic and management 
knowledge and does not require input from stakeholders. Rather than defining factors 
for each criterion based on their relative importance and contribution at each point of 
the continuum (original Objective 2), we defined rules that avoid specifying relative 
weights, instead combining them logically. 
A large number of pests will satisfy these initial conditions, qualifying as potentially 
harmful and manageable. It is necessary to set priorities among them. Technical inputs 
can provide an overall assessment of the likelihood of entry, establishment and spread, 
with and without management interventions such as detection systems, control and 
management operations. The agreed SNPHS criteria and long-established conventions 
in Australian biosecurity indicate that the three fundamental criteria include impacts on 
the economy, the environment and the Australian community. At this point, stakeholder 
values become important.  
The second stage of our approach was to explore the potential for developing a 
platform for integrating technical information on cost-effectiveness of surveillance 
and control measures, with estimates of impacts on the three fundamental criteria. We 
wrote a computer program that provides a structured procedure, including parameters 
and protocols, giving an environment within which participants (stakeholders, 
decision-makers) may explore through sensitivity analysis how weights for the criteria 
link with aspects of surveillance design (Project Objective 3). They will be able to use 
this platform dynamically and interactively to discuss alternative prioritisations, and 
to rank high priority plant pests based on the criteria.  
This provides an architecture that stakeholders can use to reconcile competing 
objectives and discuss alternative options for the priority list. The project outline 
specified that we should examine the feasibility of developing such a platform. We went 
a step further and developed a software prototype. We included in it dummy data 
gleaned from public sources to illustrate its features. 
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Table 1. Tools and techniques for prioritisation and their recent applications 
Technique(s) Application  Reference Details/Outcomes/Tools 

Animal health 

Multi-attribute 
utility theory 
(MAUT) 

Prioritisation of exotic diseases for the pig 
industry in Australia using a MAUT-based 
technique. 

(Brookes, 
Hernández-
Jover et al. 
2014) 

Prioritisation process incorporated nine criteria on disease impact that were 
important to industry stakeholders. A total score was calculated for each 
disease using a weighted sum value function that aggregated the nine disease 
criterion measurements. 

MCDA Prioritise emerging animal threats in the 
UK using  e-THiR (Emerging Threat 
Highlight Report). 

Del Rio Vilas, 
Voller et al. 
(2013) 

e-THiR allows ranking of emerging threats and vulnerabilities by calculating 
a set of measurement indices related to the actual impact, possible impact on 
public perception, and level of available capabilities associated with threats. 

Human and animal health 

Multi-criteria 
decision analysis 
(MCDA)-based 
process 

Prioritising infectious pathogens to 
establish national surveillance and 
epidemiological research priorities, 
Germany 

Balabanova, 
Gilsdorf et al. 
(2011) 

Delphi process with internal and external experts. A metric-consensus 
approach was used to score pathogens according to ten three-tiered criteria. 
Additional experts were invited to weight each criterion, leading to the 
calculation of a median weight by which each score was multiplied. Pathogens 
ranked according to the total weighted score and divided into priority groups. 

Ranking methods 
and MCDA 

Assessing the importance of 40 criteria 
that could be used to prioritise emerging 
infectious diseases of humans and 
animals, Canada. 

Cox, Sanchez 
et al. (2013) 

Expert opinion used to calculate weights for each criterion. Two different 
MCDA tools (both used an additive aggregation approach) were tested on nine 
‘test’ pathogens. Two different methods of criteria weighting were compared: 
(fixed weights and probability distributions) to account for uncertainty and 
variation in expert opinion. Rankings varied according to method used. 

MCDA-based 
process 

Prioritising emerging zoonoses in the 
Netherlands. 

Havelaar, van 
Rosse et al. 
(2010) 

A quantitative, stochastic multi-criteria model, was developed to prioritise 
pathogens. A risk score, based on seven criteria that reflect assessments of the 
epidemiology and impact of these pathogens on society. Criteria were 
weighted by experts. 

MCDA and Monte 
Carlo simulations 

Prioritising 100 diseases of food-
producing animals and zoonoses, Europe. 

Humblet, 
Vandeputte 
et al. (2012) 

Forty international experts performed intra-category and inter-category 
weighting of 57 prioritisation criteria. Two methods (deterministic with mean 
of each weight and probabilistic with distribution functions of weights by 
using Monte Carlo simulation) were used to score each disease. Few 
differences were observed between each method. 
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Technique(s) Application  Reference Details/Outcomes/Tools 

Conjoint analysis 
(CA), an MCDA-
based approach used 
in market research  

Prioritising zoonotic diseases from a 
public perspective, Canada and USA. 

Ng and 
Sargeant 
(2012) 

Weights from the CA were used to derive a recommended list of zoonoses for 
prioritisation. Over 1,500 participants from the general public completed an 
online survey. Hierarchical Bayes models were fitted to the survey data to 
derive CA-weighted scores. Scores were applied to 62 zoonotic diseases to 
rank diseases in order of priority. 

CA Prioritising zoonotic diseases from a 
health professionals’ perspective, Canada 
and USA. 

Ng and 
Sargeant 
(2013) 

As above but participants had a background in epidemiology, public health, 
medical sciences, veterinary sciences or infectious disease research. Results 
suggests health professionals with some knowledge in infectious diseases 
were capable of producing meaningful results with better-fitting models than 
the general public. 

Plant and animal health 

MCDA-based 
process 

Prioritising invasive alien species for 
management according to impact. 

Kumschick S, 
Bacher S et al. 
(2012) 

Steps involved: 1) stakeholder selection and weighting of stakeholder 
importance by the decision maker; 2) factual description and scoring of 
changes by scientists; 3) evaluation of the importance of impact categories by 
stakeholders; 4) calculation of weighted impact categories; and 5) calculation 
of final impact score and decision making. 

Plant health 

An integrated fuzzy 
set and DMCE 
approach 

An integrated fuzzy set and DMCE 
approach to facilitate decision-making - 
European House Borer (EHB) application. 

Liu, Proctor 
et al. (2010) 

The fuzzy set approach, applied within a DMCE framework, explicitly 
incorporates the inherent uncertainty in estimating potential EHB impacts 
and in evaluating participants' subjective preferences. 

Analytic Hierarchy 
Process (AHP) with 
Monte Carlo 
simulations. 

Prioritising plant pests using the Victorian 
Weed Risk Assessment (VWRA) model, in 
Victoria, Australia. 

Benke, Steel 
et al. (2011) 

Catchment Decision Assistant software was used to prioritise criteria into a 
structured decision making process for the VWRA model using the AHP.  

Not specified but 
appears to be an 
MCDA-based 
process 

Prioritisation process proposed for 
invasive alien plants, Europe.  

Brunel, 
Branquart et 
al. (2010) 

The process is designed to (i) produce a list of invasive alien plants that are 
established or could potentially establish in the European and Mediterranean 
Plant Protection Organization (EPPO) region and (ii) determine which of 
these have the highest priority for an EPPO pest risk analysis. Pre-determined 
criteria used in the process. The framework is adaptable to a range of scales. 



 

15 
 

Technique(s) Application  Reference Details/Outcomes/Tools 

MCDA, specifically 
Deliberative Multi-
Criteria Evaluation 
(DMCE). 

The Enhanced Risk Analysis Tool project 
has designed a variant of MCDA, applied 
Emergency Plant Pests (EPP).  

Cook, Hurley 
et al. (2010) 

This approach, in combination with bioeconomic models, projects future 
agricultural damages, both market and non-market, associated with 
biosecurity threats. These can be assessed, discussed and incorporated into 
planning. 

AHP MCDA methods applied in a geographic 
information system using natural 
resource and land-use data, North 
Carolina, USA.  

Hohmann, 
Just et al. 
(2013) 

Landscape-scale prioritisation based on a hierarchical model designed to 
increase invasive plant management efficiencies and reduce the risk of 
impacts to key installation management goals. Spatial sensitivity analyses 
used to evaluate the robustness of the model weights. 

DMCE Prioritise Emergency Plant Pest (EPP) 
species risk using Stella-based 
bioeconomic pest-risk decision-making 
tool  

Hurley, 
Lowell et al. 
(2010) 

Outputs from model were presented to stakeholders. Stakeholder 
participants weighted the consequence criteria according to expected impact. 
The methodology featured an uncertain set of parameters, multiple iterations 
of criteria weighting and real-time sensitivity analysis. 

An integrated 
ecological economic 
modeling and DMCE 

An integrated decision-support approach 
in prioritising risks of 10 non-indigenous 
species that could potentially impact 
Australian plant industries. 

Liu, Hurley et 
al. (2011) 

Ecological economic modelling and DMCE approach to support group 
decision-making in risk prioritisation. The model shows complexity of the 
socio-ecological system of biological invasion. A scenario analysis allows 
interactive communicate of scientific uncertainty to decision-makers. 

Pareto risk maps Risk maps for targeting exotic plant pest 
detection programs in the United States. 

Magarey, 
Borchert et 
al. (2011) 

Methods to create standardised host distribution, climate and pathway risk 
maps for the top nationally ranked exotic pest targets are described using two 
examples: late wilt of corn and the giant African land snail. 

AHP Prioritisation tool developed - WHIPPET 
(Weed Heuristics: Invasive Population 
Prioritization for Eradication Tool) and 
tested on weeds in California 

Skurka Darin, 
Schoenig et 
al. (2011) 

Three major criteria, four sub-criteria, and four sub-sub-criteria, taking into 
account both species and population characteristics, were developed using 
AHP. Experts weighted and scored these criteria to assess the relative impact, 
potential spread, and feasibility of eradication for 19 species. 

Self-organizing map 
(SOM) 

Prioritising the risk of plant pests by 
clustering methods; self-organising maps, 
k-means and hierarchical clustering. 

Worner, 
Gevrey et al. 
(2013) 

SOM analyses were applied in a range of contexts in invasive species risk 
assessment. Other clustering methods such as k-means, hierarchical 
clustering and the incorporation of the SOM analysis into criteria based 
approaches to assess pest risk are also discussed. 

An MCDA-based 
approach 

A prioritisation methodology for plant 
pests that are alien, absent or of limited 
distribution in mainland France,. 

Moignot and 
Reynaud 
(2013) 

The Excel-based method developed generates a classification of pests based 
on the assessment of phytosanitary risks. The general structure of the method 
revolves around criteria that characterise the phytosanitary risk of pests.  
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3.1 Stage 1 Initial Screening 
The first part of the two-stage prioritisation process is to use the five core criteria to identify 
the pests that could appear on a list of priority pests of national surveillance – the criteria 
will be used for initial ‘screening’ of the 370 plant pests considered as potential threats to 
the Australian economy, people and the environment.  
The first step in developing priorities is to identify those species that fail any one of the 
criteria. This approach is based on logical rules that formally make up a decision tree. 
Effectively, if a potential pest does not satisfy any one of them, it will not be considered a 
priority threat. Each of the criteria must be met for a given plant pest to appear on the 
priority list.  
If an analyst believes a plant pest does not satisfy one (or more) of the criteria, their 
reasoning should be transparent and accountable; that is, an interested stakeholder should 
be able to see the reasoning that led to a pest species being excluded, and the logical rules 
provide a basis for making explicit statements regarding these decisions. The information 
used to justify whether an organism meets or doesn’t meet each criterion should be stored 
for future use and updating. We recommend that these claims be supported by explicit 
descriptions of their reasoning. The decision tree detailed below was developed by the 
authors as a way of practically implementing the five core criteria. Two examples of its use 
are given in Appendix B. 
i) Is injurious to plants, plant products or bees (plant pest) 
To be considered a plant pest, the pest must be injurious to plants, plant products or bees. 
This includes any species, strain or biotype of plant, animal or pathogenic agent but 
excludes weeds and parasitic plants. The claim that a pest species is injurious to plants, 
plant products or bees may be established if: 
(1 AND (2 OR 3)) 

1. The species is not a weed or parasitic plant (based on evidence from scientific 
literature or expert opinion regarding its life history and autecology) 
AND  

2. The species is known to be injurious to plants, plant products, bees or impact social 
amenity elsewhere (based on evidence that the species is a pest in specific countries 
or regions, including Australian locations if the pest has been or is currently subject 
to management – see Table 2 for a range of searchable databases of both Australian 
and international origin) 
OR  

3. The species is closely related to a species that is known to be injurious (based on 
evidence that the species are related from taxonomic or phylogenetic analysis). 
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Table 2. Sources of information about plant pests and pest status – for use in assessing species against 
criteria i) and ii).  

Title/topic Web address Comment 

Atlas of Living 
Australia http://www.ala.org.au/ Searchable database. Links to global 

databases 

Australian Plant 
Pest Database 

http://www.planthealthaustrali
a.com.au/resources/australian-
plant-pest-database/ 

Relevant for criterion ii) point 4. 

CABI Invasive 
Species 
Compendium 

https://www.cabi.org/isc/datas
heet/28843 

Contains a Horizon Scanning Tool 
(beta) 

Emergency Plant 
pest list 

http://www.planthealthaustrali
a.com.au/biosecurity/emergenc
y-plant-pests/ 

Relevant for criterion ii) point 4. 

Australian 
industry HPP* 

http://www.planthealthaustrali
a.com.au/wp-
content/uploads/2018/07/Statu
s-Report-2017.pdf 

Relevant for criterion ii) point 3. See 
Table 46 for list of 370 plant pests 

AUSPestCheck 
Contact PHA 
http://www.planthealthaustrali
a.com.au/ 

Only a trial system at the time of 
report writing 

EPPO Global 
Database https://gd.eppo.int/ Information on more than 78 000 

species; factsheets 

Global Invasive 
Species database 

http://www.issg.org/database/s
pecies/search.asp?st=100ss 

Information available on the pest's 
ecology, distribution, impact and 
management; expert contact(s), links 
and references are also provided. 

Global Pest and 
Disease Database 
(GPDD) 

https://www.gpdd.info/ 

Contains information on taxonomy, 
identification, biology, distribution, 
hosts, significance, detection and 
control for over 6000 pests not known 
to be in the US, or present but with a 
limited distribution 

Pest and Disease 
Image Library 
(PaDIL) 

http://www.padil.gov.au 

PaDIL is a biodiversity and biosecurity 
information management system with 
a heavy emphasis on delivering high 
quality diagnostic images. 

Pest Information 
Documentation 
Database 

http://www.planthealthaustrali
a.com.au/resources/pest-
information-document-
database/ 

Search for pest by name or by 
industry. Fact sheets and contingency 
plans (CP). CPs contain useful 
information on current location and 
biology of the pathogen. 

   

http://www.planthealthaustralia.com.au/
http://www.planthealthaustralia.com.au/
http://www.padil.gov.au/
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ii) Species is considered a pest (pest status) 
To be given the status of pest, the species must not currently be recorded in Australia, or be 
present in Australia but subject to official control, either containment or eradication. The 
claim that a species is not currently recorded in Australia or is under control may be 
supported by the following four reasons: 
1 OR (2 AND 3) OR 4 OR 5 

1. The species is currently under eradication or containment in Australia (based on 
DAWR evidence from cost-sharing programmes and information provided by state 
and territory jurisdictions) 
OR  

2. The species is not currently recorded as being present in Australia (based on 
evidence from DAWR and state and territory jurisdictions that there have been no 
recent detections, post-border, despite active, general and passive surveillance) 
AND 

3. The species is listed on a plant-industry database6 as a potential pest threat  
OR  

4. The species is listed on an Australian-government database as a potential pest threat 
to the economy, environment or community (see relevant databases in Table 2). 
OR 

5. The species was recently eradicated from Australia (based on evidence from official 
DAWR records) 

If the evidence supports the conclusion that the species may be considered a pest, the 
following additional information should be recorded: 

• location(s) where species is a pest (list the country or region, including Australian 
locations if the pest has been or is currently subject to management) 

• the type of pest (fungus, virus, bacteria, arthropod, other)  
• Broad nature of impact(s) (Economic, environmental, social) 
• Source(s) of information 

 
iii) the species has potential pathways to reach Australian borders (Pest entry) 

Under this criterion evidence needs to be provided about potential pathways by which the 
species may reach Australian borders, based on its global distribution, passenger and cargo 
movements, trade links with Australia, or potential for introduction through natural means. 
Information on potential pathways of introductions is available from a range of sources 
(Table 2) and includes the DAWR’s Agriculture Import Management System (AIMS) and 
Incident databases. These databases may be interrogated by DAWR staff to determine the 
interception history of the pest, including possible entry pathways. 

 
 
6 A starting point for this information is Plant Health Australia: http://www.planthealthaustralia.com.au/  

http://www.planthealthaustralia.com.au/
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The claim that a species has potential pathways to reach Australian borders may be 
supported by the following reasons: (1 AND 2) OR (3 AND 4) OR 5 OR 6 

1. the species is able to reach the Australian border via at least one of the  following 
regulated pathways: passenger; air cargo; sea cargo; shipping containers; packing 
material; transportation of vehicles; mail; or military (based on evidence of the pest 
being detected on at least one of these pathways in the past. This information may 
be found in DAWR administrative data on inspection outcomes) 
AND 

2. the pest is able to survive over the time period of the journey (based on DAWR 
interception data and other scientific literature about the biology of the pest) 
OR 

3. the species is able to reach the Australian border via an unregulated pathway 
(smuggling – illegal fishing boats, refugees) (based on evidence from past illegal 
interceptions) 
AND 

4. the pest is able to survive over the time period of the journey (based on DAWR 
interception data and scientific literature about the biology of the pest) 
OR 

5. The species is able to reach the Australian border via a natural pathway (based on 
evidence of past interceptions of the pest entering Australia via the wind, tides or 
wildlife/birds) 
OR 

6. The species is subject to pre-border and border controls (based evidence contained 
in IRAs, import permits, and BICON7 cases) 
 

iv) Pest establishment and spread 
This criterion assesses the species’ potential to establish and spread in Australia because of 
its biology, availability of suitable hosts, appropriate climatic conditions and internal 
pathways (including biological vectors). The claim that a species is able to establish and 
spread may be supported by the following reasons: 
1 AND 2 AND 3 AND 4 AND (5 OR 6) 

1. There are climate zones in Australia which match the climate in the species’ native 
range (based on modelling using CLIMATCH) 
AND 

2. Host plants are available for the species (based on lists of known host plants for the 
species, available from the scientific literature and pest-list databases) 
AND 

 
 
7 Australian Biosecurity Import Conditions (BICON): https://bicon.agriculture.gov.au/BiconWeb4.0 
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3. Host plants are abundant and widespread (based on knowledge about the 
distribution and abundance of flora in Australia) 
AND  

4. One or more dispersal mechanisms (natural, human, other) is available within 
Australia (based on evidence from the scientific literature and knowledge of 
Australian societal practices) 
AND 

5. Control mechanisms (chemical, manual, biological) to undertake a national 
eradication of the species are not currently available (based on information about 
the reproductive rate of the species and the effectiveness of controls). 
OR 

6. The budget is not available to employ the control mechanisms required to undertake 
a national eradication of the species. 

v) Pest impact 
A species meets this criterion if it has potential to cause significant negative impact on 
national economies, environment and/or community. The claim that a species will have a 
nationally significant impact may be supported by the following reasons: 
1 OR 2 OR 3 OR 4 OR 5 

1. The species is listed as an Emergency Plant Pest (EPP) (based on the knowledge 
that if a plant-pest appears on the EPP list it would have a nationally significant 
impact, either economic or environmental).  
OR 

2. The species is listed as a High Priority Pest (HPP) of an industry (based on the 
knowledge that if a plant-pest is an HPP it would have a significant economic impact 
on an industry).  
OR 

3. At its full potential range in Australia, the species will cause any of the following 
(From NEBRA8 Schedule 3, Part 2. National significance criterion: environment): 

− impacts on nationally important species 
− impacts on ecologically valuable species 
− impacts on nationally important places 
− impacts on ecologically important places 
− extensive impacts 

Details of the nature and mechanism of impact should be provided, along with 
relevant scientific literature, assumptions, and list of experts consulted. Under the 
NEBRA, ‘impact’ is defined as ‘causing significant negative consequences’. It is 
unclear whether ‘consequences’ include economic, or ecological aspects or both. 

 
 
8 The original NEBRA and its recent review may be accessed at 
http://www.agriculture.gov.au/biosecurity/emergency/nebra  

http://www.agriculture.gov.au/biosecurity/emergency/nebra
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If the calculation of economic consequences in monetary terms is necessary, we 
recommend input from an economist with expertise in non-market valuation. We 
also recommend input from an ecologist with knowledge of Australia’s nationally 
and ecologically valuable species/places.  
Section 4.3 provides detail on how non-monetary damages could be estimated in 
qualitative terms. 

OR 
4. The species will cause significant negative consequences on any of the following 

(From NEBRA, Schedule 3, Part 3. National significance criterion: people, 
including social amenity and human infrastructure): 

− Human infrastructure 
− Social amenity 
− Culture 
− Human health 

Details of the nature and mechanism of impact should be provided, along with 
relevant scientific literature, assumptions, and list of experts consulted. Section 4.3 
provides detail on how non-monetary damages could be estimated in qualitative 
terms. 

OR 
5. The species will result in either of the following (From NEBRA, Schedule 3, Part 

3. National significance criterion: business activity): 
− Substantial increases in business costs 
− A substantial loss of production or business opportunities for an extended 

period 
Calculations and assumptions should be provided. 

For those species not already listed as EPPs or HPPs it is likely that calculation of impact 
will be required and this may be a difficult task if potential impacts are mostly on the 
environment, social or cultural amenity. Section 3.2 explains a methodology for calculating 
pest impact. Part 2 details an App for use in valuing non-market impacts.  

3.2 Criterion v): Pest Impact  
When a new species establishes in a new environment, a number of negative impacts might 
occur if it were left unmanaged, and an understanding of the nature and severity of these 
impacts is crucial to the prioritisation framework developed in this report. To estimate 
potential impact, users must be able to describe the pest’s ‘impact at saturation’ i.e. the 
impact if the pest is able to spread to the full extent of its range. Typically this information 
rarely exists, or there is insufficient information to develop detailed estimates of the 
potential extent of spread and the severity of impact within a pest’s potential range.  
No single method can provide a reliable guide to the potential habitat of all invasive pests 
in all invasion scenarios. We therefore recommend analysts use an approach that will not 
under-estimate the potential spread of the plant pest, and which takes advantage of what is 
known about the pests’ affinities and tolerances in its known range. We recommend 
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CLIMATCH9 because it provides a reasonable first approximation, generally does not 
underestimate to potential spread of a pest, is relatively intuitive and easy to user and is 
well established with government analysts. The models for a pest’s potential range that 
emerge from this analysis may be refined as data accumulate and understanding of the 
species behaviour and host affinities in novel environments improve. 
Once spread is understood, impacts need to be described and valued. Impacts of plant pests 
may be categorised in many different ways. In order to be consistent with the NEBRA we 
suggest a broad division of impacts into: 

• the environment;  
• business activity;  
• people 

- impacts on infrastructure 
- impacts on social amenity 
- cultural impacts 
- human health  

This results in a categorisation of impacts that can be broadly assigned monetary values 
according to particular methods, i.e. market or non-market valuation. Cook et al. (2010, 
their Table 3) give a detailed list of potential impacts of an invasive species on ecosystem 
services, and a description of the impact.  

The NEBRA criteria 

The NEBRA10 criteria provide a broad outline of how impacts on the environment, 
business, people and human infrastructure should be assessed. Impacts on business are 
readily calculable in dollar terms from a range of information sources. Impacts on the 
environment and people are much more difficult to calculate and unfortunately the NEBRA 
provides little useful detail on how to practically calculate these impacts. Nevertheless, we 
present a brief summary of the relevant NEBRA criteria for assessing whether a pest has a 
nationally significant impact on the environment or people. 
Environment  
Under the NEBRA, a pest or disease will meet the national significance criterion, if it were 
to realise its full potential range in Australia and any of the following could be established: 

i) impacts on nationally important species 
ii) impacts on ecologically valuable species 
iii) impacts on nationally important places 
iv) impacts on ecologically important places 
v) extensive impacts. 

 
 
9 Available at http://data.daff.gov.au:8080/Climatch/climatch.jsp  
10 The full set of national significance criteria from NEBRA may be accessed at 
http://www.agriculture.gov.au/biosecurity/emergency/nebra  

http://data.daff.gov.au:8080/Climatch/climatch.jsp
http://www.agriculture.gov.au/biosecurity/emergency/nebra
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The NEBRA gives further details of what might be included under each of the above 
headings. For example, an ‘extensive impact’ means severely and/or extensively affecting 
one or more of the following: 

• the physical environment 
• Australian biodiversity 
• the structure of ecological communities  
• ecosystem functions 
• environmental amenity 
• ecosystem services. 

People, including social amenity and human infrastructure 
Plant pests may impact upon human health; human infrastructure such as roads, buildings 
and utilities; social amenity resources provided by humans or nature, such as parks or views; 
and they may also impact on cultural heritage. A pest or disease will meet this criterion if 
one or more of the following sub-criteria are established:  

• impacts on human infrastructure 
• impacts on social amenity 
• cultural impacts. 

In determining whether a pest or disease meets this national significance criterion the 
following matters should be considered: 

• the severity of the impact 
• the extent of the impact 
• the significance of the resources/assets under threat. 

For example, this may include either a catastrophic loss of a resource amenity for a 
relatively small proportion of the population, or a substantial loss of amenity for an 
extensive or diverse part of the population. 
This sub-criterion of cultural impact is met if a pest or disease outbreak: 

• has substantially degraded, or is likely to substantially degrade, cultural assets 
valued by a significant segment of the community 

• has resulted or is likely to result in substantial change to the practices and customs 
of a significant segment of the community; or 

• has resulted or is likely to result in a persistent and substantial negative change in 
national or international perception of attributes relevant to the national image. 

Calculating impacts 

We suggest environmental impacts on nationally important and ecologically valuable 
species be measured by acquiring information and expert assessments of the number of 
native species adversely affected by the direct and indirect ecological effects of the plant 
pest. For each species adversely affected, the analysts should ask taxon-specific experts to 
estimate the percentage range reduction or percentage change in abundance of each 
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adversely affected species. The national Lists of Threatened Fauna11 and Flora12 should 
be consulted to determine which species may be affected. Effects on nationally and 
ecologically important places could be assessed by acquiring information and expert 
assessments of the ecological communities affected by the direct and indirect ecological 
effects of the plant pest. Special attention should be given to species that appear on the 
national heritage register and the national list of threatened ecosystems. Cook et al. (2010, 
their Table 3) give a detailed list of potential impacts of an invasive species on ecosystem 
services, and a description of the impact.  
Checklists of potential impacts on each of the economy, environment and community may 
serve to guide the user systematically through selection of impacts of a particular pest or 
disease. Lists of a range of possible impacts caused by pests are presented in Table 3 
(People), Table 4 (Business), and Table 5 (Environment). We recommend using these 
checklists to determine potential impacts. Note that these lists are not exhaustive. Once a 
likely list of impacts has been developed, their severity should be assessed as accurately as 
possible in dollar terms, or in terms of a measure that is relevant to the criterion (such as 
the number of native species or the proportions of their ranges adversely affected, or 
measures of human health or social impact, such as quality-adjusted life year).  
Plant pests may have both market (M) and non-market impacts (NM), and impacts may be 
further classified as being either direct or indirect13. For market impacts and some non-
market impacts, estimation of damages may be estimated from market prices. For other 
non-market impacts, it will be possible to use non-market valuation techniques to determine 
a value of impact. In a few of these cases, however, it will not be possible nor prudent to 
calculate a monetary value for damage. Note that it may not always be necessary to 
calculate values for every impact if easily calculated figures give a result with a clear 
indication of the severity of the pest. Nevertheless, it is recommended that all impacts be 
at least identified and described. 
In order to proceed with a calculation of impact: 

• Select the impacts that the literature, databases, factsheets, suggest would be likely, 
were the pest to spread within Australia; 

• Select the units of measurement for each impact;  

• Calculate the number of affected units, should the pest spread, uncontrolled, and 
reach its full range. For many of the impacts listed, understanding the level of impact 
will require knowledge of the existing infrastructure and recreational places. 

• Insert the value of each unit affected and sum across all impacts.  

 
 
11 Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act), list of threatened fauna 
may be accessed at: http://www.environment.gov.au/cgi-bin/sprat/public/publicthreatenedlist.pl  
12 EPBC Act 1999, list of threatened Flora may be accessed at http://www.environment.gov.au/cgi-
bin/sprat/public/publicthreatenedlist.pl?wanted=flora  
13 These impacts are discussed in detail in Appendix E of Summerson, R., Hester, S. and Graham S. (2018): 
Methodology to guide responses to marine pest incursions under the National Environmental Biosecurity 
Response Agreement, Final Report for CEBRA 1608E, available at 
https://cebra.unimelb.edu.au/engage/reports/decision-making 

http://www.environment.gov.au/cgi-bin/sprat/public/publicthreatenedlist.pl
http://www.environment.gov.au/cgi-bin/sprat/public/publicthreatenedlist.pl?wanted=flora
http://www.environment.gov.au/cgi-bin/sprat/public/publicthreatenedlist.pl?wanted=flora
https://cebra.unimelb.edu.au/engage/reports/decision-making
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Table 3. Some of the possible impacts (damages) caused by pests on ‘People’ 
Classification of impact 
(M=market; N-M=non-market) Example 

Impacts on human infrastructure  
Dwellings(M) RIFA1, EHB6 

Electricity infrastructure(M) RIFA1 

Other public infrastructure RIFA1, EHB6 

Public utilities RIFA1 

commercial services(M) RIFA1 

Schools(M) RIFA1, EHB6 

Roads/highways(M) RIFA1 

Impacts on social amenity  
Golf courses (M) RIFA1, AGM2 
tourism facilities: hotel/resort  RIFA1 

Urban trees (private) (N-M) 
-residential, golf courses, commercial, school land 

AGM2, pitch canker3, EHB6 

Shelter, riparian, soil cons. plantings AGM2 

Recreational areas (M)  RIFA1, AGM2, PTA4 

Landscape and amenity (N-M) PTA4 

Public services (M) RIFA1 

Foregone value of outdoor activities (N-M) RIFA1 

Urban amenity plantings (N-M) AGM2, pitch canker3 

Cultural heritage  
Impact on access to indigenous fauna2 (N-M) AGM2 

Loss of culturally significant species (N-M) PTA4 

Impact on community integrity (N-M) PTA4 

Human Health  
Deaths, allergic reactions, or injury from 
interaction with invasive species (M) 

PSP7, RIFA, viruses borne by 
invasive mosquitoes 

AGM: Asian gypsy moth; RIFA: Red imported fire ant; PTA: Phytophthora taxon Agathis; EHB: European House 
Borer; PSP: paralytic shellfish poisoning; 
1. Hafi et al. (2014); 2. Harris Consulting (2003); 3. Branson and Layton, B. (2005); 4. Clough and Hensen, M. 
(2013). 5. MAF Policy (2000); 6. Cacho, O. and Hester, S. (2012); 7. Hallengraeff et al. 1992. 
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Table 4. Some of the possible impacts (damages) from pests on ‘Business’ 
Classification of impact 
(M=market; N-M=non-market) Example 

impacts on agriculture/industry  

Cattle1 and sheep1 (M) RIFA 

Goats1, pigs, poultry, horses(M) RIFA 

Field crops1 (M) RIFA 

Pasture and fodder crops1 (M) RIFA 

Perennial horticulture1,2 (M) RIFA, AGM 

Vegetables1 (M) RIFA 

Nurseries1,3 (M) RIFA, pitch canker 

Beekeeping5 (M) Varroa 

Pollination services from beekeeping5 (M) Varroa 

Viticulture (M)  

Forestry, plantations, 2,3, 6 (M) 
- delay in establishment 
- reduction in harvest vol 

AGM, pitch canker, EHB 

Tourism4(M) PTA 

Trade Impacts  
Loss of market access (M) 
Additional inspection requirements (M) 

AGM 
AGM 

AGM: Asian gypsy moth; RIFA: Red imported fire ant; PTA: Phytophthora taxon Agathis; EHB: 
European House Borer. 

1. Hafi et al. (2012); 2. Harris Consulting (2003); 3. Branson and Layton (2005); 4. Clough and 
Hensen (2013); 5. MAF Policy (2000) Varroa in New Zealand: Economic Impact Assessment. 6. 
Cacho, O. and Hester, S. (2012). 
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Table 5. Examples of impacts of invasions on ecosystem services provided by the environment. Source: Cook et al. (2010). 
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3.3 Stage 2 Ranking of pests 
Even with stringent and effective risk screening, it is very likely that for the foreseeable 
future, there will be many more potential, significant plant pests than there is money 
and resources to deal with them. Prioritisation will remain an important consideration. 
Those responsible for setting these priorities need to balance the competing objectives 
and values of stakeholders across all jurisdictions. This will require discussion and 
negotiations to reconcile multiple criteria. Experience in multicriteria decision-making 
suggests that such negotiations are most likely to succeed when the people affected by 
decisions contribute directly to discussions, and when the deliberations are transparent.  
Those plant pests that remain after the screening process will have been subject to 
calculations of impact according to criterion v). The ranking of plant-pests of national 
significance will thus be conditioned by the relative severity of their potential impacts 
over all of three fundamental criteria. As noted above, in many instances, ranking 
procedures attempt simply to apply fixed weights to each criterion, and then score each 
element of the decision by adding the weighted scores. These approaches may alienate 
many stakeholders and often rely on weights determined arbitrarily by a consensus 
among experts, ignoring the subjective elements of stakeholder preferences. Structured 
techniques such as AHP attempt to collect information on preferences and weights in a 
systematic way, but if they are collected just once and are then fixed in a decision 
process, they do not account for the fact that preferences often are context-dependent 
and change over time. 
Next, we develop a flexible platform that will allow stakeholders and decision-makers 
to explore options, and to evaluate the sensitivity of priorities to alternative weights. It 
is designed to be intuitive to use, and accessible to participants who may not have 
formal training in decision analysis, market valuation or decision analysis. It is outlined 
in detail in the next section. 
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Part II 
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4 A web based application to prioritise invasive 
species management for Australia 

The five core criteria discussed in Part I provide a coarse filter to exclude species that 
are not a substantial threat. However, a large number of potential threats remain after 
this filtering and they still have to be prioritised. While the tables in Section 3.2 provide 
broad guidance on the estimation of the relative impact of potential plant pests, they do 
not provide a means of forming these judgements into a coherent synthesis that will 
support decision making. The next step is to develop a platform that will provide such 
a synthesis and a means for decision makers to explore the sensitivity of decisions to 
uncertainties in the data and estimates of impact. This section of the report summarises 
an app developed for this purpose – the CEBRA Pest Prioritization app (Figure 1)14. 
The app provides a tool for exploring the implications of setting priorities for these taxa 
based on different weights for the three sets of values (economic, environmental and 
health).  
The main purpose of the app is to prioritise invasive species that pose risks to Australia. 
The basic approach is to combine available datasets, cost models and expert opinion. 
Use of existing datasets is explained in Appendix A. The resulting model is web-based 
and interactive, enabling various stakeholders to express their views. The views are 
recorded in permanent online cloud storage and can be downloaded at any time for 
further analysis.  
Because the app is a prototype, it currently only deals with 20 species, but this template 
can be extended to potentially hundreds of species with only few alterations to the code. 
Any extensions should be relatively straightforward because of the parsimonious 
principles which underpin the generic design. The datasets that complement expert 
opinions are pre-processed externally.  
The number of questions that app users are asked is restricted to about 12 per species. 
Plausible default values are used for each species. These values were gleaned from our 
examination of publicly available information and recommendations by experts as the 
most likely (or best estimates) of values. App users can explore the impact of their 
judgements and opinions on the ranking.  
The app relies on expert opinion15 for: 

• probability of entry, establishment and spread,  

• the time it might take to reach the maximum geographical range,  

• the monetised damage to key agricultural industries, and 

• the non-monetised damages.  

 
 
14 Available from https://pl202.shinyapps.io/CEBRA/ 
15 See https://cebra.unimelb.edu.au/engage/reports/expert-judgement for CEBRA’s body of work on 
expert opinion 

https://cebra.unimelb.edu.au/engage/reports/expert-judgement
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Expert opinion will be provided when appropriate data are unavailable, and could be 
sourced from DAWR specialists or others with particular knowledge of these species. 
The materials summarised in the preceding sections provide some support for these 
estimates. Based on expert beliefs and external data, the program ranks the taxa based 
on the summed values of the criteria. Visualisations enable a user to compare how the 
changes in the inputs compare with the default case in order to clarify how robust the 
rankings are.  

 
Figure 1. A screen shot of the app, showing the ranking tab. See: 
https://pl202.shinyapps.io/CEBRA/ 
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4.1 Simulating maximum range of invasion for 20 pests 
The app currently models the maximum range distribution for 20 species that appear 
on a the Australian government’s National Priority Plant Pests16, a list of 40 plant pests 
that are exotic to Australia, under eradication or have limited distribution in Australia. 
The map representing the maximum range of the species is currently built to be largely 
illustrative although it is rooted in some plausible hypothesis – currently this is the 
presence of host species. We use data on agricultural production to select more or less 
randomly the areas where the likely hosts of some pests occur. Therefore, the map of 
maximum range (undertaken externally to the app using CLIMATCH) roughly overlaps 
the map where the hosts are, according to the agricultural production dataset.  
These models could be improved by inputs from experts familiar with the species and 
their dependencies, or with other statistical models that predict potential habitat 
suitability. In the interim, however, this method of simulating where the pest will occur 
if no extraordinary measures are taken to combat it is useful for exploring the robustness 
of the prioritisation algorithm under different stakeholder preferences – which is the 
main purpose of the current app tool.  
It is important that the geographical units for spread predictions and for data on 
economic parameters are compatible. Currently both are on SA2 scale (see Appendix 
A), but can be any scale as long as there is a way to infer economic damage from spatial 
information on the spread of the pest. Further, a key assumption of the app is that the 
plant pests are not yet present in Australia. In future developments of the app, this 
assumption might be relaxed. 

4.2 Impact calculations 

This step involves processing the data on population, industry revenues, and 
agricultural production, and cross-referencing it with the simulated data on where pests 
could be expected in a worst-case scenario. Having stored all this data in one data frame, 
we calculate values that will inform the prioritization algorithm. These values include: 
the total area of pest invasion and the area of overlap with various agricultural 
commodities.  
Note that this is an interim step – clearly being present in the same area as some 
agricultural commodity does not mean that the pest will necessarily do any damage. 
We must also estimate which pests are likely to damage which industry and how much 
of an impact they may have. Therefore, the default monetary damage to industry is 
determined by both the area of overlap and the degree of damage a pest is capable of 
causing within that area.  
Other default values generated include probabilities of entry, establishment and spread 
as well as time to full range, and social, environmental and amenity damage impact 
scores. That is, all the values that can be changed by the user in the app are initiated 
with default values that should be considered carefully in any application. 
In its current form the area of overlap is computed externally to the app, in the data 
processing stage, and cannot be influenced from within the app itself. In contrast, the 

 
 
16 Available at http://www.agriculture.gov.au/pests-diseases-weeds/plant 
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default values for the proportion of revenue that can be lost from the effects of a pest 
in the areas where the pest distribution overlaps with an agricultural commodity is 
elicited from experts, for each pest and for each of the six categories, Figure 2.  
 

 
Figure 2. Monetised damages screen, where the user specifies the likely proportional losses for 
each industry in the area of overlap. See: https://pl202.shinyapps.io/CEBRA/  
 
The blue box in the monetised tab shows the value in Australian dollars of the annual 
damage for each pest. The impacts on all six industry types are considered, either 
individually or in combination. The economic model underpinning this calculation is a 
simple one. Like the modelling of the maximum range, the economic model for the 
calculation of monetised damages can be improved and its assumptions can be easily 
amended. It is possible that making any of the sub-components more nuanced will not 
change the final assessment of priorities – it may have negligible effect on ranking. Or 
the changes may be substantial. The potential for substantial change may be revealed 
by sensitivity analysis based on simple models, prompting the development of more 
realistic and data-demanding sub-models. This can be done by simply manipulating 
input data using plausible bounds and observing changes in visual scales and outputs. 
One of the reasons the current model is so simple is the limits with respect to publically 
available economic data. The economic data used by the app comes from the Australian 
Bureau of Statistics (ABS) (2018a). The value at risk for each industry and each pest is 
calculated based on a linear assumption: the value affected is proportional to the area 
of production infected by a pest. Thus, if an industry is worth a million dollars, and a 
pest has invaded 50% of the area where some commodity is produced than the value at 
risk is half a million dollars. The actual damage also depends on the severity of impact 
within the range of overlap.  
The app uses only one monetary damage value per species. It is calculated by summing 
values at risk for each industry weighted by the impact the species is capable of causing. 
Thus, it is possible to have a scenario in which a species is present everywhere and 
overlaps with all commodities but is incapable of causing damage to any of the 
respective industries. In this case, the monetary damage will be zero.  

https://pl202.shinyapps.io/CEBRA/
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Figure 3. Non-monetised damages tab. See: https://pl202.shinyapps.io/CEBRA/ 

An app user can force such a scenario by setting all the elicited values for proportional 
damage to zero. Users should experiment with different settings to gain understanding 
of how monetary damage values are calculated and how they affect priorities.  
Three types of non-monetised damages are supplied by an app user: Social impacts, 
Environmental damage, and Amenity. The values are on a five-point scale, with 5 being 
the worst (Figure 3). Clicking on ‘Social and Environmental Impact Scores Explained’ 
brings out a table which contextualises the scoring system (Figure 4). A relative, 5-
point scale was used because it is more difficult to conceptualise and quantify them 

than it is monetised values.  
 

4.3 Eradication 
measures 
The cost and effectiveness of 
eradication is not included in 
the calculation of impacts – 
information on the cost of 
eradication becomes necessary 
if a benefit-cost analysis of 
particular management actions 
is required. Calculation of cost 
an effectiveness of eradication 
has been included in the app as 
an additional feature.  
The utility of eradication 
measures is a combination of 
two things: effectiveness and 
implementability. The two 
aspects correspond to two 
domains: one 

 

Table 6. Environmental and social impact guidance. 
Source: DEFRA 2005; Baker et al. 2008 (adapted from 
SA/NZ 2004). 

https://pl202.shinyapps.io/CEBRA/
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biological/ecological, and the other technical/economic. Uncertainty is elicited 
alongside the average expectations.  
This is largely a demonstration of a methodology developed at Imperial College that 
has been used in similar settings. It is intuitive and qualitative. The full details can be 
found in the paper referenced within the app, namely Hulme (2012), see Figure 4.   

 
Figure 4. Utility of an eradication measure. See: https://pl202.shinyapps.io/CEBRA/ 

The approach is based on qualitative averaging, the combined distribution for the utility 
of eradication measures is somewhere in between the measure’s perceived effectiveness 
and implementability. 
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4.4 Ranking 
The ranking procedure is based on a linear, weighted, normalised averages of up to six 
values:  

1. Damages to National economy;  
2. Amenity;  
3. Environment;  
4. Social impacts; and 
5. Speed of invasion (the faster the species spreads, the higher the ranking). 

The species are ranked by these risk scores; the highest priority species have the highest 
scores. The score scales depend on the weights selected. For example, when an average 
weight of 3 is given to all aspects, then the total maximum possible risk score is: 1*3 
+1*3+1*3+1*3+1*3+1*3=18. In this, the protocol adds six components, each 
normalised so that the maximum value is 1, and each given a weight of 3, see Figure 1. 
However, it is possible to select any combination of these aspects. For example, a user 
may select amenity and environment and ignore other aspects in the ranking algorithm. 
Similarly, each of the aspects can be up or down weighted relative to other aspects by 
selecting appropriate values for weights in preferences. 

5 Conclusions 
Part II of this report documents a web-based app that implements a decision support 
tool to integrate thinking about the extent and severity of market and non-market 
impacts.  
The app is necessarily populated by data and assumptions that provide a starting point 
for actual applications. The next steps may be appropriate for taking these innovations 
forwards: 

1. convene a group of experts to provide meaningful default values, 
2. convene a workshop with a representative group of stakeholders who are similar 

to the future intended users of the app and collect feedback on the app and how it 
should be further developed, 

3. conduct robustness trials, using various inputs to determine which sources of 
information appear to affect the ranking most, 

4. find alternatives for hosting the app and storing data, 
5. develop appropriate external models for modelling spread and maximum range, 
6. consider alternative sources of data and identify those elements that must rely on 

expert opinion, 
7. develop appropriate approaches to acquiring and validating expert opinion, and 
8. expand the app to include a greater variety of species. 
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9 Appendix A: Data processing 
Currently, the data on the boundaries of regions in Australia come from the ABS 
(2018b). Data on human population sizes, used in subsequent calculations are also from 
the ABS (2018c).  
There are various ways to subset regional data, for example by name, area and 
geographical location. In order to make use of various other spatially-structured 
datasets care must be taken to ensure that the geographical units are compatible, or that 
it is possible to correctly assign the relevant data to the spatial segmentation used so 
far.  We have drawn spatial polygons of unequal areas roughly containing 10 thousand 
people each. This was the principle for creating the SA2 mesh by Australian 
Department of Statistics. Thus, the areas are smaller in highly populated areas, and 
larger for scarcely populated regions.  In a future version of this tool, a different spatial 
scale may be preferred.   
Data for various agricultural industries is publically available at the SA2 scale and we 
make extensive use of this dataset in the app (ABS 2018d). It is very detailed dataset, 
containing 549 categories of observations on SA2 scale. However, this dataset 
describes production in terms of hectares or volume: revenue, costs, or profits are not 
publically available on the same geographical scale (SA2). This data requires cleaning, 
complete instruction and the code for data cleaning are found in here.  
Economic data on agricultural production is publically available as aggregated values 
on large subgroups of industry, and large areas (ABS 2018e). This economic data is 
annual, and we use the values for six key commodities: broadacre crops, hay, flowers, 
fruit and nuts and grapes, vegetables, and livestock. We map various industries on the 
SA2 scale to see where production is concentrated.  
One of the generic concerns about data is privacy. All of the data used in the prototype 
tool is publically available. However in the future there might be reasons to use other 
sources of data that may not be public. For example, data on the location and number 
of cultural sites of high importance to indigenous populations is not publically 
available, but might be relevant in projecting the impacts of invasive species.  
  

http://rpubs.com/pl202/291199
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10 Appendix B: Examples of stage 1 screening 
10.1 European spruce bark beetle 
Species: Ips typographus –European spruce bark beetle 
Date of analysis: 22nd October 2018 
Description: The European spruce bark beetle infests 
diseased, damaged or recently fallen trees. Its main host-
tree is Spruce (Picea) but with high population levels in 
an outbreak it can colonise and kill healthy trees, 
including species of Pine (Pinus), Fir (Abies), and Larch 
(Larix) (PHA n.d.). The favoured management 
techniques are mass trapping along with removal of 
infested wood, although biological control and use of 
insecticides may also be used (GISP 2018). 
Conclusion: Ips typographus –European spruce bark beetle – meets each of the five 
core criteria and should appear on a list of priority pests for national surveillance 
(Table B1). 
Table B1. Summary of pest against SNPHS criteria (details in Section 3.1) 

Criteria Yes/No Reason Comment Source 

i) Plant pest Yes 1 (species is not a 
weed) 

AND 

2 (species is injurious 
to plants elsewhere) 

Species is an insect 

 

Species is a major 
pest of spruce in 
Europe and Asia. It 
reduces economic 
value of timber, 
markets may be lost, 
and there are 
significant direct 
environmental 
impacts 

GISP 

 

GISP 

 

ii) Pest status Yes 4. (Species is listed on 
an Australian-
government database 
as a potential pest 
threat) 

High Priority Pest of 
Plantation Forestry 
Industry 

PHA (2018) 

iii) Pest entry Yes 6. (Host material for 
this pest is subject to 
pre-border and border 
controls)  

Abies is considered a 
‘pathogen risk 
timber’ when 
imported from NZ, 
USA and European 
countries where the 
pest is present 

BICON 

iv) Pest establishment 
and spread 

Yes 1. (Climatic zones 
match)  

AND 

CLIMATCH  

 

DAWR 
 

 

 

http://193.206.192.138/gisd/species.php?sc=1441
http://193.206.192.138/gisd/species.php?sc=1441
http://www.planthealthaustralia.com.au/wp-content/uploads/2018/07/Status-Report-2017.pdf
https://bicon.agriculture.gov.au/BiconWeb4.0
https://climatch.cp1.agriculture.gov.au/climatch.jsp
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2. (Host plants exist) 
 

 
AND 
 

3. (Host plants 
abundant) 
 

AND 
 

4. (Dispersal 
mechanisms – human) 

 

AND 
 

5. (Budget not 
immediately available 
for a national cost-
share eradication) 

In 2016-17 softwood 
plantation estate was 
dominated by Pinus 

 

 
Total area of 
softwood plantations 
in 2016-17 was 
1.04m ha, across all 
states  
 
Unprocessed logs are 
transported to 
regional processing 
facilities 

 
 
Management may be 
undertaken by the 
affected jurisdiction, 
but national cost-
sharing only occurs 
after a technical 
feasibility study 

Downham & 
Gavran (2018) 

 

 
 
Downham & 
Gavran (2018) 

 

 
 
Downham & 
Gavran (2018) 

 
 
 
 
EPPRD*; 
NEBRA# 

v) Pest impact Yes 1. (listed as HPP of 
Forest Industry) 

HPP of Forest 
Industry.  

PHA 2018 

* Emergency Plant Pest Response Deed (EPPRD); # National Environmental Biosecurity Response 
Agreement (NEBRA) 

 
Figure B1. Presence of European spruce bark beetle across the globe (red dots). Source: 
https://gd.eppo.int/taxon/LAPHFR/distribution 
  

http://data.daff.gov.au/data/warehouse/aplnsd9ablf002/aplnsd9ablf201805/AustPlantationStats_2018_v.1.0.0.pdf
http://data.daff.gov.au/data/warehouse/aplnsd9ablf002/aplnsd9ablf201805/AustPlantationStats_2018_v.1.0.0.pdf
http://www.planthealthaustralia.com.au/biosecurity/emergency-plant-pests/pest-categorisation/categorised-pests/
http://www.planthealthaustralia.com.au/biosecurity/emergency-plant-pest-response-deed/
http://www.agriculture.gov.au/biosecurity/emergency/nebra
https://gd.eppo.int/taxon/LAPHFR/distribution


Plant-pest prioritisation 
  

45 
 

Bibliography: 
Downham, R. and Gavran, M. (2018). Australian plantation statistics 2018 update, 

ABARES, Canberra – available at daff.gov.au/data/warehouse [16 September 2018] 
Økland, B., N. Erbilgin, O. Skarpaas, E. Christiansen, and B. Långström. (2011). Inter-

species interactions and ecosystem effects of non-indigenous invasive and native tree-
killing bark beetles. Biological Invasions, 13(5):1151-1164. 

Global Invasive Species Database (2018). Species profile: Ips typographus. Downloaded 
from http://193.206.192.138/gisd/species.php?sc=1441 on 17-09-2018. 

PHA (Plant Health Australia) (2018). National Plant Biosecurity Status Report 2017. 
Canberra, ACT. Downloaded from http://www.planthealthaustralia.com.au/wp-
content/uploads/2018/07/Status-Report-2017.pdf on 17-9-2018. 

PHA (n.d.). Fact sheet: European spruce bark beetle. Downloaded from 
http://www.planthealthaustralia.com.au/wp-content/uploads/2015/07/European-spruce-
bark-beetle-FS.pdf on 17-9-2-18. 

  

https://dx.doi.org/10.1007/s10530-011-9957-2
https://dx.doi.org/10.1007/s10530-011-9957-2
https://dx.doi.org/10.1007/s10530-011-9957-2
http://www.planthealthaustralia.com.au/wp-content/uploads/2018/07/Status-Report-2017.pdf
http://www.planthealthaustralia.com.au/wp-content/uploads/2018/07/Status-Report-2017.pdf
http://www.planthealthaustralia.com.au/wp-content/uploads/2015/07/European-spruce-bark-beetle-FS.pdf
http://www.planthealthaustralia.com.au/wp-content/uploads/2015/07/European-spruce-bark-beetle-FS.pdf


Plant-pest prioritisation 
  

46 
 

10.2 Fall armyworm 
Species: Spodoptera frugiperda – fall armyworm. 
Date: 22nd October 2018 
Description: Species is an insect that is native to 
tropical and subtropical regions of the Americas, but 
which is spreading across the globe (Figure 1). In its 
larval stage the pest feeds on leaves and stems of over 
60 species of plants representing more than 20 families 
(Johnson 1987). The pest is most commonly recorded from grasses and from maize, 
rice, sorghum and sugarcane, but also recorded on cotton, Brassicaceae, 
Cucurbitaceae, groundnuts, lucerne, onions, Phaseolus, sweet potatoes, tomatoes and 
other Solanaceae, and various ornamental plants (EPPO n.d.). FAW was first detected 
in Central and Western Africa in early 2016 and has quickly spread across virtually all 
of Sub-Saharan Africa (FAO 2018). In July 2018 it was detected in India (CIMMYT 
2018). Australia provides suitable habitat for FAW (Figure B2). 
Foliar application of chemical insecticides may be used to control the pest, although 
these may have negative effects on valued non-target organisms (EFSA PLH 2018). 
Conclusion: Spodoptera frugiperda – fall armyworm – meets each of the five core 
criteria and should appear on a list of priority pests for national surveillance (Table 1). 
Table B2. Summary of pest against SNPHS criteria (details in Section 3.1) 

Criteria Yes/No Reason Comment Source 

i) Plant pest Yes 1 (species is not a 
weed) 

AND 

2 (species is injurious 
to plants elsewhere) 

Species is an insect 

 

 
Species is a major 
pest of maize and 
other crops in West 
and Central Africa; 
also a pest of 
ornamental plants 

CABI 

 

 
Goergen,et al. 
(2016); EPPO 
(nd) 

ii) Pest status Yes 2. (species not present 
in Australia) 

AND 

3. (species listed on a 
plant-industry 
database) 

No recorded 
occurrences  

 

HPP of cutflowers 

AUSPestCheck; 
PaDiL 

 

PHA (2018) 

iii) Pest entry Yes 1. (species able to 
reach Australian 
border via air-cargo) 

AND 

2 (pest able to survive 
period of journey)  

Larvae detected on 
cutflowers from 
Kenya and South 
America, and 
fruit/vegetable from 
the Americas 

AIMS 

iv) Pest establishment 
and spread 

Yes 1. (Climatic zones 
match)  

AND 

See Figure B3 

 

CABI (2018) 
 
 
EPPO Global 

 

https://www.cabi.org/isc/datasheet/29810
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5082806/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5082806/
https://gd.eppo.int/taxon/LAPHFR/documents
https://gd.eppo.int/taxon/LAPHFR/documents
http://www.planthealthaustralia.com.au/resources/auspestcheck/
http://www.padil.gov.au/
http://www.planthealthaustralia.com.au/wp-content/uploads/2018/07/Status-Report-2017.pdf
https://blog.plantwise.org/2018/08/02/cabi-warns-of-rapid-spread-of-crop-devastating-fall-armyworm-across-asia/
https://gd.eppo.int/taxon/LAPHFR/hosts
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2. (Host plants exist) 

 

AND 
 
 

3. (Host plants 
abundant) 

AND 
 
4. (Dispersal 
mechanisms – natural) 

AND 
 
5. (Budget not 
immediately available 
for a national cost-
share eradication) 

Host plants include 
agricultural and 
horticultural crops 
and pasture species 
 
 
2018-19 area planted 
to summer (winter) 
crops is est’d at 1.1 
(19) million ha. 
 
Migration is part of 
lifecycle;  
 
 

Management may be 
undertaken by the 
affected jurisdiction, 
but national cost-
sharing only occurs 
after a technical 
feasibility study 

Database; 
EPPO (n.d.) 
CABI  
 
 
ABARES 
(2018) 

 
 

Johnson (1987) 

 
 
 
EPPRD*; 
NEBRA# 

v) Pest impact Yes 3. (Listed as HPP of 
cutflower industry) 

HPP of cutflower 
industry 

PHA (2018) 

* Emergency Plant Pest Response Deed (EPPRD); # National Environmental Biosecurity Response 
Agreement (NEBRA) 

 
Figure B2. Presence of fall army worm across the globe (yellow dots). Source: 
https://gd.eppo.int/taxon/LAPHFR/distribution 

 
 
 

https://gd.eppo.int/taxon/LAPHFR/hosts
https://gd.eppo.int/taxon/LAPHFR/documents
https://www.cabi.org/isc/datasheet/29810#94987198-9f50-4173-8bbd-30bd93840e73
http://www.agriculture.gov.au/abares/research-topics/agricultural-commodities/australian-crop-report
http://www.planthealthaustralia.com.au/biosecurity/emergency-plant-pest-response-deed/
http://www.agriculture.gov.au/biosecurity/emergency/nebra
https://gd.eppo.int/taxon/LAPHFR/distribution
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Figure B3. Suitable habitat for the fall armyworm. Source: 
https://blog.plantwise.org/2018/08/02/cabi-warns-of-rapid-spread-of-crop-devastating-fall-
armyworm-across-asia/ 
  

https://blog.plantwise.org/2018/08/02/cabi-warns-of-rapid-spread-of-crop-devastating-fall-armyworm-across-asia/
https://blog.plantwise.org/2018/08/02/cabi-warns-of-rapid-spread-of-crop-devastating-fall-armyworm-across-asia/
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