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EPPO - European Plant Protection Organisation
IRIS – Invasive Risk Impact Simulator (Excel based risk modelling software)
NNRAP – Non-Native Risk Assessment Panel (GB)
NNSS – Non-Native Species Secretariat (GB)
PRA - Pest Risk Assessment 
RA – Risk assessment
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Subtask 4.2.2. Enhancing consistency in the analysis of pathways and risk management options
This subtask will explore methods that enhance the consistency of response by pest risk analysts when answering questions on a pest’s entry potential, providing values or examples that relate to the five levels of risk in the 15 questions on this topic in the EPPO PRA scheme. The outputs will be provided to WP3 (Task 3.1). Links between questions in the entry potential and analysis of risk management options sections of the EPPO PRA scheme will be identified for incorporation in the web-based PRA scheme. FERA, EPPO, INRA, LEI, CABI and Imperial will tackle this sub-task.

Note: In Section 4 (Risk Assessment to Risk Management Linkage Consistency), the subtask and deliverable was extended to cover all questions from Section 1 of the EPPO scheme (links to risk management from “entry”, “establishment” and “spread” questions and not just “entry”).


[bookmark: _Toc286931764]1. Introduction
Consistency in the scoring of likelihood, impact and confidence (uncertainty) is important.  
Methods for summarising and presenting risk can only be reliably applied to data if the questions are clear and the scores have consistent, well defined linkage and compatibility with quantitative processes.
Qualitative scales should be linked to transparent quantitative ranges, so that as far as possible assessors work from the same quantitative frame of reference even if they are unable to accurately quantify their responses.  Where this is not possible qualitative scales might be defined in terms of a set of reference points from previous (historical) PRA examples.
Consistent scales, definitions and terminology in scoring schemes makes quantification of risk possible leading to effective comparisons between species/pathways which in turn add value to information by making it more portable and applicable to different PRA areas over different spatial scales.
Where appropriate, consistent, transparent time scales should be applied to each question when eliciting responses, e.g. what is the chance of X occurring in the next Y years.
Though it is recognised that the probability of pest entry is specific to each location, the scale on which it is assessed should be specified so that consistent comparison can be made.  This will enable entry risks to be directly compared between PRA areas and to harmonise datasets to allow iterative reanalysis of data through time.
The EPPO PRA panel methodology ensures consensus within individual PRAs and provides a basis of consistency between PRAs through use of a common PRA template and process support from EPPO staff during PRA preparation.  Two methods to provide further consistency in risk assessor elicitation are described; these may indicate approaches appropriate for adoption by National and Regional Plant Protection Organisations.
A method is suggested for facilitating consistency of response in the Risk Management Section of the EPPO scheme with responses previously given in the Risk Assessment section.  


[bookmark: _Toc286931765]2. Scoring Consistency Analysis and Suggested Modifications
Two types of risk component can be distinguished, those for which:
it is possible to make quantitative estimates of probabilities and values to define the meaning of the scores; 
the meaning of scores is more naturally referenced by a set of historical examples.

The following comments refer to the first situation described above.

PRA questions that require ratings often have unspecified temporal units or are inconsistent in scales or dimensions. This is often coupled with a lack of adequate guidance of what a probability score relates to.  Probability and impact language should be such that scoring systems can be consistent and, where possible, tied to accepted international guidance notes and standards, e.g. IPCC (2005) and the Australia/New Zealand Risk Management Standard 4360.  
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The Intergovernmental Panel on Climate Change (IPCC, 2005) provides the following table that links qualitative descriptions of likelihoods to probabilities (Table 1).  Table 2 shows how the IPCC guideline could be adapted for some questions within the EPPO PRA scheme and, where appropriate, be applied to a fixed, specified time period.

Table 1. Suggested descriptions of a likelihood scale by the IPCC (FAO, 2005).

	Terminology
	Likelihood of the occurrence/outcome

	Virtually certain
	> 99% probability of occurrence

	Very likely
	> 90% probability

	Likely
	> 66% probability

	About as likely as not
	33 to 66% probability

	Unlikely
	< 33% probability

	Very unlikely
	< 10% probability

	Exceptionally unlikely
	< 1% probability




Table 2. Suggested modification of IPCC 2005 likelihood scale for use in EPPO PRA scheme.

















In questions relating to the processes of Entry and Spread it is generally appropriate to define a time period in which these events have a probability of occurrence.  Establishment is arguably different. If Establishment is the probability of the pest/organism establishing in the risk assessment area given that Entry occurs then it does not necessarily require a separate time-frame. Impact depends on spread and the convenient time unit given that a certain degree of spread has occurred may simply be impact per year. 



Whilst it is difficult to agree on one timeframe for PRA when different organism taxa are most naturally considered on different time-scales the advantages of a common time-frame for comparability across PRAs is considerable. In a series of discussions between the PRATIQUE team concerning an appropriate timeframe, a period of 5 to 10 years has gained most acceptance.  Risk assessors in the Great Britain Non-native Species Risk Analysis Panel (NNRAP) process felt that making predictions over shorter time frames (1-2 years) was too difficult because of variability\uncertainty in contributory factors (weather, commodity volumes, etc.) while longer time frames (ten to fifty years, say) were not appropriate to policy decision making at a political level.  


Various EPPO Panel Members observed that tying qualitative scores to quantitative probabilistic scales may cause confusion in risk assessors if there was a mismatch in the expert’s perceived probability applied to a qualitative score, e.g. “Very unlikely” may not be what an assessor intuitively means by a 0% to 10% chance.   The authors agreed that this could indeed be the case and one option would be to dispense with the qualitative likelihood description and replace it with an entirely quantitative scale to ensure consistency in all responses.  The Panel agreed that when using word scales, the terms selected should be adequately defined (i.e. strictly corresponding to the question) (EPPO, 2010). The IPCC had also addressed this problem in their guidance to authors on uncertainty, and recognised that in preparing reports to describe risk it is often helpful to have a verbal description of terms, as well as a defined quantitative value.
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The need for consistency and clarity in qualitative descriptions applied by scoring methods applies to all aspects of the PRA process, not just to pest entry and establishment (likelihood issues).  Magnitude issues related to pest spread and impact also benefit from consistent, transparent quantifiable definitions. NNRAP[footnoteRef:1] uses a log 10 scale of impact (Table 3) (after Standards Australia and Standards New Zealand, 2004).  Impacts are measured in terms of £ or € per year. However NNRAP has also added descriptive dimensions for Health, Environmental and Social Impacts to the semi-quantitative scale.   The descriptive scales would be portable between PRA areas though the semi quantitative cost/year impact would need to be rescaled according to the area (km2) and/or the value of crops and environmental services in the PRA area in question. For instance, in a country such as France, with a larger area and higher agricultural resource value than Britain, the potential impacts would need to be increased accordingly; and even more so for Europe as whole. [1:  https://secure.fera.defra.gov.uk/nonnativespecies/index.cfm?sectionid=51
] 




Table 3.  Magnitude scale with descriptive terms used by the Great Britain Non-native Species Risk Analysis Panel.
	Score
	Description
	Monetary loss and response costs (£/yr)
	Health impact
	Environmental impact
	Social impact

	1
	Minimal
	Up to 10k 
	Local, mild, short-term, reversible effects to individuals
	Local, short-term population loss, no significant ecosystem effect
	No social disruption

	2
	Minor
	10k-100k 
	Mild short-term reversible effects to identifiable groups, localised
	Some ecosystem impact, reversible changes, localised
	Significant concern expressed at local level

	3
	Moderate
	100k-1m
	Minor irreversible effects and/or larger numbers covered by reversible effects, localised
	Measurable long-term damage to populations and ecosystem, but little spread, no extinction
	Temporary changes to normal activities at local level

	4
	Major
	1m-10m
	Significant irreversible effects locally or reversible effects over large area
	Long-term irreversible ecosystem change, spreading beyond local area
	Some permanent change of activity locally, concern expressed over wider area

	5
	Massive
	10m +
	Widespread, severe, long-term, irreversible health effects
	Widespread, long-term population loss or extinction, affecting several species with serious ecosystem effects
	Long-term social change, significant loss of employment, migration from affected area
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 Even where clear guidance is given, the scales that apply to different levels of score are often inconsistent. Table 4 shows a suggested scoring system for describing the number of pathways available to a quarantine pest/disease species (MacLeod and Baker, 2003). The scale goes from 1 to 10,000+ in a series of roughly geometric steps.  An alternative, albeit less neat, set of scoring ranges can be  based on a fixed interval multiplier (3.1623) which gives the same top and bottom values but also gives consistent intervals.  When non-integer multipliers are used there will be a rounding discrepancy at smaller values. 



Table 4. Scoring consistency example for the number of pathways.

	Score
	Description of number of pathways (MacLeod and Baker, 2003)
	Suggested alternative with more consistent intervals and ranges

	1
	1
	1-3

	2
	2-10
	4-10

	3
	11-100
	11-32

	4
	101-250
	33-100

	5
	251-500
	101-316

	6
	501-1000
	317-1000

	7
	1001-5000
	1001-3162

	8
	5001-10000
	3163-10000

	9
	10000+
	>10000



[bookmark: _Toc286931769]2.4 Uncertainty scoring consistency
An essential component of quantitative risk analysis requires the capturing of uncertainty during the PRA process.  Both methods require descriptions of uncertainty (or confidence) in the data/knowledge associated with scoring methods used in the PRA.  EPPO is currently developing its CAPRA system to input scoring for PRAs within the PRATIQUE project to capture confidence associated with each scored question in the EPPO PRA scheme.  


Table 5.  A simple typology of uncertainties (IPCC, 2005).

	Type 
	Indicative examples of sources 
	Typical approaches or considerations 

	Unpredictability
	Projections of human behaviour not easily amenable to prediction (e.g. evolution of political systems). Chaotic components of complex systems. 
	Use of scenarios spanning a plausible range, clearly stating assumptions, limits considered, and subjective judgments. Ranges from ensembles of model runs. 

	Structural uncertainty 
	Inadequate models, incomplete or competing conceptual frameworks, lack of agreement on model structure, ambiguous system boundaries or definitions, significant processes or relationships wrongly specified or not considered. 
	Specify assumptions and system definitions clearly, compare models with observations for a range of conditions, assess maturity of the underlying science and degree to which understanding is based on fundamental concepts tested in other areas. 

	Value uncertainty 
	Missing, inaccurate or non-representative data, inappropriate spatial or temporal resolution, poorly known or changing model parameters. 
	Analysis of statistical properties of sets of values (observations, model ensemble results, etc); bootstrap and hierarchical statistical tests; comparison of models with observations. 

























Section 3.1 of ISPM 2 contains a short section on uncertainty while ISPM 11 says very little about the subject, which is surprising given the relationship between uncertainty and risk.  In particular, ISPM 11 (section 2.4) is non-prescriptive, saying that “estimation of the probability of introduction and its economic consequences involves many uncertainties”.  In the same paragraph ISPM 11 underlines the importance of uncertainty without recommending methods for assessing or incorporating it into a PRA though it does state that uncertainty should be captured where possible: “It is important to document the areas of uncertainty and the degree of uncertainty in the assessment and to indicate where expert judgement has been used”.   ISPM 2 is more thorough and gives a basic typology of uncertainties and the need for the clear documentation.  Table 5 gives a typology of uncertainty from climate change science and describes typical approaches used to address each type (IPCC, 2005).  Though this provides a useful typology, it mixes aleatory uncertainty (that due to natural variation and about which we can do nothing) with epistemic uncertainty (that due to lack of knowledge about a parameter which is conceptually resolvable).  Both unpredictability and structural uncertainty form a significant part of the risks within a PRA, though most of the uncertainty involved in the PRA process is derived from value uncertainty.  This category is addressed using observation data and various quantitative methods.  Bayesian Belief Networks should also be added to this list in Table 4 as they have become an increasingly favoured method for addressing uncertainty since the IPCC uncertainty guidelines were published in 2005. 

The IPCC guideIines (2005) are suggested as a basis, with some modifications for expressing uncertainty in entry, establishment, impact and spread (Table 6).

During the PRA process, assessors are asked to provide summary scores and their associated uncertainty ratings for entry, establishment, spread and impact. The five response score levels and three levels of uncertainty used by EPPO can therefore be expressed as one of 15 possible score-risk distributions.

Table 6. Suggested uncertainty classification for EPPO scheme.  *20% chance of being correct from IPCC guidelines was amended to 35% for the EPPO scheme because 20% chance of being correct in a five category system equates to a uniform distribution in which no score is more likely than any other.

	Confidence ratings from IPCC 2005
	% chance of the chosen score being correct
	Uncertainty ratings in EPPO scheme

	Low
	20% (35%)
	High

	Medium
	50%
	Medium

	High 
	80%
	Not used

	Very High
	90%
	Low




To accommodate the IPCC definitions (Table 6), uncertainty can be expressed as a distribution of scores between score categories in the following way. For example, if uncertainty was low, 90% of the score distribution lay in the selected score and the remaining 10% in other, adjacent scores. The exact shape of the distribution was defined by a Beta distribution which has often been used in cases, as here, where the distribution is bounded at both limits (0 and 1). The proportion of the distribution lying in the selected score defined both the mode and a measure of variance around the mode so the shape of the rest of the distribution followed directly from the properties of the distribution itself. The resulting distributions of scores between categories under different levels of uncertainty are given below:
 the uneven category width of the IPCC classifications appropriate for Entry, Establishment and Spread (Appendix 1: Figure 1)
the even category widths more appropriate for the log 10 Impact scale (Appendix 1: Figure 2).
It is important to clarify that the exact form of the distribution will depend on the choice of a Beta distribution which was to some extent arbitrary and for this reason alternative distributions should also be considered, in particular the Truncated Normal.  The objective is a convenient, consistent way to infer a score distribution from a single uncertainty score and the integrity of this approach relies on the assessors being able to examine the distributions which have been created in this way to make sure that, in each case, they accord with their own perception of uncertainty. If the resulting distribution appears too wide or too narrow, a more appropriate alternative uncertainty rating might be chosen.

[bookmark: _Toc286931770]3. Risk assessor elicitation consistency
Various methods are available to ensure consistency and thus comparability of PRAs created within Regional and National Plant Protection Organisations. Currently, the EPPO system ensures consensus among the assessors preparing the PRA through a group preparation panel.  Some consistency between specific PRAs is achieved by use of the common template in the EPPO PRA Scheme.     Two methods are suggested here for formalising and increasing consistency between PRAs.   The first delivers consistency by having an objective way of assessing the reliability of different experts.  The second achieves consistency by using a regular panel to review case specific risk assessments to ensure philosophy, content and output are consistent between all PRAs generated by the organisation.

[bookmark: _Toc286931771]3.1 Aspinall’s tractable expert advice 
In a recent Nature article Aspinall (2010) describes a mathematical method to weigh and pool scientific advice based on a method developed by Cooke (1991).  In this process the expert risk assessors were given a series of seed questions to test the assessors’ abilities to estimate risks related to the causes and processes of dam failures with known outcomes based on real observations.  The assessor responses during the assessment with the future unknown risk were given different weights according to their success in answering the seed questions on the known risks (see Figure 1).

This approach deserves more exploration, although an obvious drawback exists in that engineering problems of the type described by Aspinall (2010) often have suitable analogous situations that can be used as valid tests. This is less easy across the diverse range of potential invasive or agricultural pest species, e.g. just because an expert knew how long it took a conifer nematode to establish in Germany in the past would not be a good basis for assuming competence in judging likelihood of  potato pathogen establishment in Cyprus in the future. 

[image: ]
Figure 1.  Estimates from 11 experts of the time-to-failure of an earth dam, once the core starts to leak. The performance-weighted best judgement is about 70 days — much longer than the equal-weights solution of about a week (from Aspinall, 2010).

[bookmark: _Toc286931772]3.2. Non Native Risk Analysis Panel (GB)
GB NNRAP uses one independent Risk Assessor for each case specific risk assessment and then employs an independent case specific peer reviewer to check the risk assessor’s judgment and documentation.  The risk assessment is then put before a panel of eight, non-case specific peer reviewers (6 independent and 2 secretariat (NNSS) members) in the risk analysis panel.  The role of the risk assessor and the expert peer reviewers is to ensure case specific accuracy while the risk analysis panel ensures that the RA is consistent in approach, format, output and interpretation with previous risk assessments.
[bookmark: _Toc286931524][bookmark: _Toc286931773][bookmark: _Toc286931774]Risk Assessment to Risk Management Linkage Consistency
It is important to maintain consistency between the risk management and risk assessment sections of the EPPO scheme.

As detailed under M 4.3, the EPPO PRA scheme (2009) was analysed to assess linkage, structure and consistency within the current EPPO scheme.  The analysis involved establishing the number and type of links from Section 3 (Risk Management) to the responses elicited in Section 1 related to entry, establishment and spread potential.  Links were defined as being of two different types:
Informational. The question answered in Section 1 provided information relevant to Risk Management answers
Correlated. The risk management option taken in Section 3 should follow directly from response given to a particular question in Section 1
Full details of all the identified links are given in Table 7a, with a key to the Section 1 questions in Table 7b.  The pattern of linkages is also summarised in the form of a flow chart and colour coded to show where risk management questions were linked to Section 1 responses (Figure 2).  The colour coding indicates where there is no link to Section1 or whether the link is informational, correlated or a mixture of both.

The EPPO scheme is currently implemented in the EPPO developed software system, CAPRA[footnoteRef:2]. As an assessment is performed using the system, all the information pertaining to the assessment is stored in a Microsoft Access database file generated by CAPRA. It is proposed that as part of the future development of CAPRA, the linkages between Sections 1 and 3 are handled in the following way:   [2:  Developed by Damien Griessinger, Information Technology Officer, EPPO Secretariat.] 


Assessors should maintain complete control over their responses and no automated link is proposed between Sections 1 & 3.  
When assessors answer the Section 3 questions, it is suggested instead that relevant information from earlier sections of the assessment is retrieved from the database and presented in a convenient form, so that assessors can easily cross check their management responses against the relevant response or responses previously given in relation to risk.  This could be done through a “pop-up” window with scores, confidence, and comments from the relevant Section 1 responses.  
Table7a lists ‘correlated’ links from Section 1, which should appear in association with each Section 3 response as a cross check for consistency.
The display of the information could be via hypertext, a text window, etc., depending on the most convenient way to retrieve and present the information already contained in the database. The score, confidence level and comment for each of the Section 1 questions would therefore be available as appropriate for each Section 3 question as it is answered by the assessor (note that the risk assessment and risk management portions of a CAPRA-based PRA may be completed by different individuals and at different times, so this enhanced linkage of information would make the process more seamless).    Any inconsistencies in response between different sections of the scheme would be apparent during the process of completing the assessment and where an assessor makes a management response which is apparently inconsistent he/she may wish to add a comment to explain the reasons.  Importantly, future work will involve detailed discussions with the CAPRA development team regarding the technical feasibility and details of how this might be implemented within the CAPRA software framework.  WP5 of PRATIQUE has developed processes that could also be added to the risk management section of CAPRA to provide databases of costs and performance of management measures, and worksheets to facilitate calculations of costs and logistical needs from potential control measures.

Table 7 a. Links from Section 3 Risk Management questions to answers provided in Section 1 of 2009 EPPO PRA scheme.
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Table 7 b.  Key to Section 1 questions
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[image: ][bookmark: _GoBack]Figure 2.  Risk management question map (2009 EPPO PRA Scheme) highlighting questions that link back to Section 1 questions on Entry, Establishment and Spread.   Yellow = informational link; gold = informational and correlated link; orange = correlated link only; blue = no link; white = actions or independent questions.
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The use of generic decision schemes (for example, the European and Mediterranean Plant Protection Organisation (EPPO) PRA scheme[footnoteRef:3]) and templates is a way to promote consistency between PRAs, since the same questions, scoring systems and interpretation are employed in each. [3:  http://www.eppo.org/QUARANTINE/Pest_Risk_Analysis/PRA_intro.htm ] 


Benefits of consistency
Likelihood, magnitude and confidence scores have transparent, quantitative definitions OR reference points based on historical cases
meaningful semi-quantitative outputs (£ or € of impact per year)
comparisons of  risks from different pests in a standard format

The issue of consistency arises throughout PRA.  This deliverable focuses on identifying processes and options that could improve consistency within and between PRAs in the EPPO scheme and between different sections within the scheme itself.

In the GB NNRAP scheme quantitative handling of expert assessments is conducted for each of the four high level categories of Entry, Establishment, Spread and Impact for each assessed species.  The four summary risk component scores are the key outputs from each risk assessment and individual scheme questions are peer reviewed to validate summary scores.   Questions are worded in such a way that allows semi quantitative simulation of each of the four components to be combined multiplicatively.  The stochastic software tool, Invasive Risk Impact Simulator (IRIS), has been developed to handle NNRAP RAs and provides output that informs decisions by presenting graphical expression(s) of risk in a standard format.   The output demonstrates the value that could be gained from any effort to increase confidence and is particularly helpful in comparing risks between species

In line with the recommendations of this deliverable, IRIS uses 5 probability bands from IPCC guidelines, five log10 impact classes from AS/NZS Risk Management Standard and four confidence classes from IPCC (2005).   The model simulates 5000 scores of each component by sampling from the four expert-elicited probability distributions (using a Beta distribution from the component score and confidence[footnoteRef:4]).  Each iteration of the four components are then combined multiplicatively to provide a joint probability (Expected Impact = Entry x Establishment x Spread x Potential Impact).   All 5000 Expected Impact estimates are then presented as a cumulative probability distribution for impact in £/year for each assessed species (Figure 3).  The crucial factor for allowing the combination of the four components is the clear and consistent definition of the components.  They are defined as:  [4:  A beta distribution is bounded by 0 and 1 and is appropriate for dealing with probabilities.] 


Hazard = The potential of a Quarantine pest or new organism to cause adverse effects in a designated risk assessment area[footnoteRef:5]. [5:   Any hazards are a subject of a risk assessment because they are of concern but the assessment ultimately may or may not demonstrate some real risk] 


‘Entry’ is the probability of the pest/organism entering the risk assessment area in the next X years (where X is set at 5 in IRIS, but could be changed in other applications where appropriate)
‘Establishment’ is the probability of the pest/organism establishing in the risk assessment area given that Entry occurs.
‘Impact’ has two components:
 is the potential loss caused by the pest/organism in the risk assessment area where Impact is rated for the specific commodity or resource at risk, rather than on an absolute monetary scale (a small industry may suffer a massive impact, though the loss may be relatively small in absolute terms)
is a scaling value in monetary terms to make the impact comparable to other pest/organisms with the PRA area.  Two concepts are applied to estimate this scaling value
‘Loss hazard’ is the maximum potential loss that could be caused by the pest/organism in monetary terms in one year[footnoteRef:6].  ‘Loss hazard’ is used to give an appropriate scale to the distribution of possible impacts for agricultural pests.   [6:  Impacts are estimated on several parallel scales, with scores roughly calibrated to an estimated monetary scale.] 

For pests/organisms with environmental impacts, ‘Control Cost Hazard’ estimation may be more appropriate than ‘Loss Hazard’. ‘Control Cost Hazard’ is the maximum potential control cost that could be incurred in monetary terms in one year.  As for ‘Loss hazard’, the ‘Control Cost Hazard’ is used to give an appropriate scale to the distribution of possible impacts for pests and organisms with environmental impacts.
‎‎‘Spread’ is the proportion of the impact realised in the next X years due to spread of the pest/organism during that period, given that Entry and Establishment occur.

The use of consistent definitions and scoring methods of likelihood, magnitude and confidence informs decisions:
by presenting graphical expression(s) of risk in a standard format
demonstrates expected value that could be gained from any effort to increase confidence and
is particularly helpful in comparing risks between species (Figure 3)

Increasing consistency in the EPPO scheme could be achieved by ensuring that questions (and thus responses) are all either tied, as far as the assessors are able to describe them, to consistent, transparent quantitative scales or to a carefully selected set of reference cases.  Where appropriate, each question should be tied to a specified temporal unit.  Where a set of reference cases rather than quantification is more meaningful, there is a need for careful selection of examples. Examples may cause risk assessors to impose inappropriate conceptual models on risks with very different qualities to that of the example as opposed to consistent quantitative scales that are transparent to each risk assessor and their peer reviewers.

Because the NNRAP scheme is built on a CAPRA base it would be possible to use the IRIS approach to help interpret EPPO PRAs, and it can be more widely applied to NPPO PRAs that are based on a relatively standard entry, establishment, spread and impact assessment (D3.2/D3.4).
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Figure 3. Multi species risk profile output from IRIS.
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Figure 1. Proportion of distributed scores in each score class at three different uncertainty levels (EPPO\EFSA style).  These apply to the IPCC style class boundaries used in Entry, Establishment and Spread.  Low uncertainty = 90% of distribution is in the expert selected rating; Medium = 50%; High = 35%.
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Figure 2. Proportion of distribution in each score at three different uncertainty levels (EPPO/EFSA style). This is for the even class boundaries used in Impact.  Low uncertainty = 90% of distribution is in the expert selected rating; Medium = 50%; High = 35%.
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		Very likely

		> 90% probability



		Likely

		> 66% probability



		About as likely as not

		33 to 66% probability



		Unlikely

		< 33% probability



		Very unlikely

		< 10% probability



		Exceptionally unlikely

		< 1% probability
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3.23 Can infestation of the commodity be reliably 

prevented by harvesting only at certain times of the 

year, at specific crop ages or growth stages? 1.3, 1.9 Compound

3.24 Can infestation of the commodity be reliably 

prevented by production in a certification scheme (i.e. 

official scheme for the production of healthy plants for 

planting)? None

3.25 Has the pest a very low capacity for natural spread? 1.30 Simple

3.26 Has the pest a low to medium capacity for natural 

spread? 1.30 Simple

3.27 The pest has a medium to high capacity for natural 

spread. 1.30 Simple

3.28 Can pest freedom of the crop, place of production 

or an area be reliably guaranteed? 1.15-1.32 Compound

3.29 Are there effective measures that could be taken in 

the importing country (surveillance, eradication) to 

prevent establishment and/or economic or other 

impacts? 1.9 Simple

3.30 Have any measures been identified during the 

present analysis that will reduce the risk of introduction 

of the pest? 1.9? None

3.31 Does each of the individual measures identified 

reduce the risk to an acceptable level? 1.9? None

3.32 For those measures that do not reduce the risk to 

an acceptable level, can two or more measures be 

combined to reduce the risk to a acceptable level? 1.9? None

3.33 If the only measures available reduce the risk but 

not down to an acceptable level, such measures may 

still be applied, as they may at least delay the 

introduction or spread of the pest. 1.9? None

3.34 Estimate to what extent the measures (or 

combination of measures) being considered interfere 

with international trade. None

3.35. 

Estimate to what extent the measures (or 

combination of measures) being considered are cost-

effective, or have undesirable social or 

environmental consequences.

1.9, 1.16-1.27, 1.29-1.32    Compound

3.36 Have measures (or combination of measures) been 

identified that reduce the risk for this pathway, and do 

not unduly interfere with international trade, are cost-

effective and have no undesirable social or 

environmental consequences? None

3.37 Envisage prohibiting the pathway? 1.1-1.14 Compound

3.38 Have all major pathways been analyzed (for a pest 

initiated analysis)? 1.1, 1.2 1.14 Compound

3.39 Have all the pest been analyzed (for a pathway-

initiated analysis)? None

3.40  For a pathway-initiated analysis, compare the 

measures appropriate for all the pests identified for the 

pathway that would qualify as quarantine pests, and 

select only those that provide phytosanitary security 

against all the pests.  None

3.41 Consider the relative importance of the pathways 

identified in the conclusion to the entry section of the 

pest risk assessment 1.1-1.14 Compound

3.42 All the measures or combination of measures 

identified as being appropriate for each pathway or for 

the commodity can be considered for inclusion in 

phytosanitary regulations in order to offer a choice of 

different measures to trading partners. None

3.43 In addition to the measure(s) selected to be 

applied by the exporting country, a phytosanitary 

certificate (PC) may be required for certain 

commodities. The PC is an attestation by the exporting 

country that the requirements of the importing country 

have been fulfilled. In certain circumstances, an 

additional declaration on the PC may be needed (see 

EPPO Standard PM 1/1(2): Use of phytosanitary 

certificates). None

3.44 If there are no measures that reduce the risk for a 

pathway, or if the only effective measures unduly 

interfere with international trade (e.g. prohibition), are 

not cost-effective or have undesirable social or 

environmental consequences, the conclusion of the 

pest risk management stage may be that introduction 

cannot be prevented. In the case of pest with a high 

natural spread capacity, regional communication and 

collaboration is important. 1.1-1.33 Compound
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Section 1 questions

1.1. Consider all relevant pathways and list them. 

1.2. Select from the relevant pathways, using expert 

judgement, those which appear most important. If 

these pathways involve different origins and end uses, 

it is sufficient to consider only the realistic worst-case 

pathways. The following group of questions on 

pathways is then considered for each relevant pathway 

in turn, as appropriate, starting with the most 

important.

1.3. How likely is the pest to be associated with the pathway 

at origin taking into account factors such as the 

occurrence of suitable life stages of the pest, the period 

of the year? 

1.4.

How likely is the concentration of the pest on the 

pathway at origin to be high, taking into account factors 

like cultivation practices, treatment of consignments?

1.5. How large is the volume of the movement along the 

pathway?

1.6. How frequent is the movement along the pathway?

1.7. How likely is the pest to survive during transport 

/storage?

1.8.  How likely is the pest to multiply/increase in 

prevalence during transport /storage?

1.9. How likely is the pest to survive or remain undetected 

during existing management procedures (including 

phytosanitary measures)?

1.10.

In the case of a commodity pathway, how widely is the 

commodity to be distributed throughout the PRA area?

1.11.

In the case of a commodity pathway, do consignments 

arrive at a suitable time of year for pest establishment?

1.12. How likely is the pest to be able to transfer from the 

pathway to a suitable host or habitat?

1.13. In the case of a commodity pathway, how likely is the 

intended use of the commodity (e.g. processing, 

consumption, planting, disposal of waste, by-products) 

to aid transfer to a suitable host or habitat?

1.14. Do other pathways need to be considered?

1.15. Estimate the number of host plant species or suitable 

habitats in the PRA area (see question 6).

1.16. How widespread are the host plants or suitable habitats 

in the PRA area? (specify)

1.17. If an alternate host or another species is needed to 

complete the life cycle or for a critical stage of the life 

cycle such as transmission (e.g. vectors), growth (e.g. 

root symbionts), reproduction (e.g. pollinators) or 

spread (e.g. seed dispersers), how likely is the pest to 

come in contact with such species?

1.18. How similar are the climatic conditions that would 

affect pest establishment, in the PRA area and in the 

current area of distribution?
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1.19. How similar are other abiotic factors that would affect 

pest establishment, in the PRA area and in the current 

area of distribution?

1.20. If protected cultivation is important in the PRA area, 

how often has the pest been recorded on crops in 

protected cultivation elsewhere? 

1.21. To what extent is the managed environment in the PRA 

area favourable for establishment?

1.22. To what extent is the managed environment in the PRA 

area favourable for establishment? 

1.23. How likely is it that existing pest management practice 

will fail to prevent establishment of the pest?

1.24. Based on its biological characteristics, how likely is it 

that the pest could survive eradication programmes in 

the PRA area?

1.25. How likely is the reproductive strategy of the pest and 

the duration of its life cycle to aid establishment? 

1.26. How likely are relatively small populations to become 

established?

1.27. How adaptable is the pest?

1.28. How often has the pest been introduced into new areas 

outside its original area of distribution? (specify the 

instances, if possible)

1.29. If establishment of the pest is very unlikely, how likely 

are transient populations to occur in the PRA area 

through natural migration or entry through man's 

activities (including intentional release into the 

environment) ?

1.30. How likely is the pest to spread rapidly in the PRA area 

by natural means?

1.31. How likely is the pest to spread rapidly in the PRA area 

by human assistance?

1.32. Based on biological characteristics, how likely is it that 

the pest will not be contained within the PRA area?

Based on the answers to questions 1.16 to 1.34 identify 

the part of the PRA area where presence of host plants 

or suitable habitats and ecological factors favour the 

establishment and spread of the pest to define the 

endangered area.

1.33 Based on the answers to questions 1.15 to 1.32 identify 

the part of the PRA area where presence of host plants 

or suitable habitats and ecological factors favour 

presence of host plants or suitable habitats and 

ecological factors favour the establishment andthe 

establishment and 
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